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ABSTRACT
New Fruit and Vegetable Offerings and Challenges 
Increased Lunch-Time Fruit and Vegetable
 
Consumption among Fourth-Graders
by
Cory Ann Hansen, Master of Science
Utah State University, 2008
Major Professor:  Dr. Heidi Wengreen
Department:  Nutrition and Food Sciences
Facilitating nutritional improvement in schools is an important strategy for 
reversing the alarming trends of overweight and undernourishment currently observed 
among children in the United States.  Compared to national recommendations, many 
people overconsume calories while simultaneously underconsuming essential vitamins 
and minerals.  One contributing factor is a low intake of nutrient-dense foods, such as 
fruits and vegetables, and a high intake of energy-dense foods, such as soda, chips, and 
candy.  Prior studies have demonstrated that elementary students do not consume 
adequate levels of fruits and vegetables during school lunch.  The objective of this study 
was to determine if school-based interventions can increase fruit and vegetable 
consumption among fourth-graders who participate in the National School Lunch 
Program.  Three different interventions were implemented, including fruit and vegetable 
“Challenges,” offering a new variety of fruits and vegetables on the school food service 
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fruit and vegetable bars, and classroom nutrition education.  Parental consent was 
obtained from the 75 fourth-graders who took part in the study.  To assess food intake of 
the study subjects, digital photographs of students’ school lunch trays were taken pre- and 
post-consumption and then analyzed to determine amounts of fruits and vegetables 
selected and consumed.   Data were collected during baseline and each of the 
interventions.  Differences in mean intake across time were examined and paired t-test 
analyses were used to assess if observed differences were statistically significant. 
Compared to baseline intakes, the variety intervention significantly increased mean fruit 
and vegetable consumption (p<0.001).  The “Challenges” also increased mean intakes; 
however, the increase was not significant on all measured days (p=0.014 to 0.824).  The 
education intervention was not associated with a significant increase in fruit and 
vegetable consumption (p=0.642).  Additionally, mean fruit and vegetable intake 
achieved between 17% to 56% of minimum national recommendations on any given day. 
In light of these findings, although offering new fruit and vegetable varieties may be 
difficult due to time and money constraints, the results were dramatic enough to 
encourage schools to continually strive to offer new varieties of fruits and vegetables.
(155 pages)
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CHAPTER I
INTRODUCTION AND BACKGROUND
Abstract
The simultaneous occurrence of overweight and undernutrition is a significant 
problem in the United States that continues to worsen.  Due to the significant health 
consequences of this type of malnutrition, it is important to consider effective ways to 
alleviate its prevalence, especially among children.  Schools are one place where 
interventions are currently taking place and should continue to be studied and improved. 
Nutritional improvement may result via interventions that encourage children to consume 
more nutrient-dense foods, such as fruits and vegetables, and less energy-dense nutrient-
poor foods, such as desserts, chips, and sodas.  Although many programs are in place in 
the United States aimed at achieving this goal, the effectiveness of many of these 
programs is unknown and overall obesity trends among youth are worsening.  This study 
implemented and tested the effectiveness of 3 nutrition interventions aimed at increasing 
consumption of fruits and vegetables among fourth-graders.  Intake levels were measured 
by means of plate waste data collection.   Results were evaluated to determine whether 
the interventions resulted in significant improvements in fruit and vegetable intake 
among fourth-graders.  Background, hypotheses, methods and statistical procedures are 
included.  This work was funded by the Carol M. White Physical Education Grant.
Introduction
The prevalence of overweight is considered an epidemic in the US (1-2).  The 
associated causes and consequences are widespread, complicated, and difficult to 
address.  Reversing the trends of overweight and obesity among the nation’s youth and 
adults is the goal of many research projects, campaigns, and policies at both local and 
national levels.  Yet, despite these efforts, overweight and obesity rates continue to climb. 
One major contributing factor to the alarming rates of obesity in the US is the 
energy-dense, as opposed to nutrient-dense diets of many Americans (3-10).  Energy-
dense diets consequently lead to high calorie intakes and weight gain, yet inadequate 
nutrient intakes.  For example, an energy-dense diet that may be high in candy and soda 
and low in fruits and vegetables may meet or exceed calorie needs and simultaneously be 
low in fiber and certain essential vitamins and minerals.  As a result of such high-calorie 
and low-nutrient diets, the US population has earned a reputation of being overfed and 
undernourished.  
Since the malnutrition plaguing many in the US likely stems from both 
overconsumption of calories and underconsumption of nutrients, it seems appropriate that 
interventions aim to reverse this energy-dense eating pattern.  Aiding people in the 
consumption of nutrient-dense foods, which are high in vitamins and minerals and low in 
calories relative to weight, may be helpful in reversing the current epidemic of 
overweight and undernourishment.  
Since the high incidence of overweight and obesity blanket all age groups in the 
US including youth, one key venue to implement programs emphasizing the importance 
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of nutrient-dense foods may be the National School Lunch Program, which currently 
provides meals to an average of 29 million youth on any given school day (11). 
Improving the nutrient density of meals provided in schools may help reverse the overfed 
and undernourished trend observed among youth.  Although there are many nutritional 
issues of interest, increasing youth’s consumption of school lunch fruits and vegetables 
(FV), which are nutrient-dense due to their low calorie content relative to vitamins and 
minerals, is one step towards more nutrient-dense school lunches.
The objective of the research presented in this thesis project was to assess the 
effectiveness of 3 interventions aimed at increasing consumption of FV offered as part of 
meals provided by the National School Lunch Program among fourth-graders.  The 
interventions were: (1) Team Nutrition FV challenges that rewarded students for 
consuming FV on the daily FV bar, (2) offering new varieties of FV, and (3) nutrition 
education in the classroom.  This project was supported by the Carol M. White Physical 
Education Grant awarded to the Cache County School District, which is comprised of 19 
schools including 12 elementary schools in northern Utah.  Collaboration between the 
Cache County School District and Utah State University Dietetics program faculty and 
students was developed to accomplish the nutritional objectives of this grant. 
Background
  
The ever-increasing rates of overweight and obesity among youth and adults are a 
significant epidemic in the US.  Despite excessive amounts of time and money dedicated 
to its prevention, the problem has prevailed for decades (1-2).  Currently, 66% of US 
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adults are overweight and 32% are obese (2).  Additionally, 18% of young people are 
overweight (2).    
The causes of overweight and obesity are complex.  Many factors have been blamed 
including inactivity, poor food choices, high fat diets, high sugar diets, low nutrient 
intakes, parents, schools, and even a ubiquitous “obesogenic” environment that 
encourages sedentary pastimes and high-calorie eating.  However, the simple fact that 
people lack energy balance is at the heart of the issue.  Americans consume more calories 
(2) and move less (12-20) than they have in the past, which creates a positive energy 
balance and inevitably leads to weight gain.  
Related to the epidemic of overweight and obesity is poor compliance to national 
dietary guidelines.  People are consuming diets that do not conform to a healthy pattern 
as defined by the US Department of Agriculture’s (USDA) publications of the Food 
Guide Pyramid and MyPyramid (21) as well as the Dietary Guidelines for Americans 
(22).  While average calorie intakes exceed recommendations, certain healthy food 
groups and nutrients are often inadequate (3-7).  Overall, fat, sugar and calorie intakes are 
up while dairy, fruit, and vegetable intakes are down (8-10).  
This issue of being overfed and undernourished raises concern for many reasons. 
Current research generally agrees that national recommendations for weight maintenance 
and food intakes, especially FV (22-25), should be followed to maximize good health and 
quality of life (26-27), decrease risk of chronic diseases (26-44), extend life expectancy 
(45-48), and decrease healthcare and economic costs (49-55).  Taking into consideration 
the global costs of obesity and undernutrition, the gravity of the situation is nearly 
impossible to ignore.  Consideration of ways to treat and prevent obesity are of great 
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importance, especially among youth who are already suffering from obesity-related 
health conditions once thought applicable only to adults (47, 56).
One proposed avenue to improve malnutrition often associated with overweight and 
obesity is to encourage nutrient-dense diets, which focus on calorie control and nutrient 
adequacy.  The more nutrients and the fewer calories a food contains, the higher the 
nutrient density (57).  As a result, a nutrient-dense diet is high in vitamins and minerals 
and low in calories, which may be one solution to the issue of overconsumption of 
calories and underconsumption of nutrients observed in the US.  
Fruits and vegetables are examples of nutrient-dense foods because they are high in 
many nutrients such as vitamins, minerals, and fiber and low in calories.  Thus, 
increasing FV consumption represents one dietary modification that will improve the 
nutrient density of many typical American diets  In light of current research, effective 
interventions intended to improve FV intakes include strategies aimed at making these 
behaviors habitual (58), serving meals in a buffet rather than a la carte style (59), 
improving planning and cooking habits (60), encouraging education, and properly 
catering interventions to meet varying needs among socioeconomic status (61-62), 
ethnicity (20), age (63-64), and gender (65).
Another proposed answer to the nation’s malnutrition is concentrating more heavily 
on interventions aimed at youth.  Although not all interventions aimed at youth are 
successful, research shows youth interventions are promising.  A younger population may 
be able to develop healthier habits more readily (66-68) and then maintain those habits 
(69-70) as well as a healthy weight (71-73) into adulthood.  
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If children do not receive effective interventions and develop appropriate lifestyle 
habits, they may be more likely to become overweight or obese and maintain their high 
weight into adulthood. (71, 73-74).  Overweight youth are also at an increased risk for 
chronic disease including hypertension (74), cardiovascular disease (75), and insulin 
resistance (76-77).  As a result, it seems absolutely necessary and appropriate to reach out 
to youth and help them make healthy decisions now and in the future.
National School Lunch Program
Since about 9 out of every 10 students in kindergarten through grade 12 are enrolled 
in public schools (78), school-based interventions may be effective ways to reach youth. 
In schools, students have the opportunity to make food decisions at school breakfast and 
lunch, learn about health in classrooms, and observe eating habits from their peers, 
teachers, and other school personnel.  Thus, school lunch should provide students with 
good nutrition and be representative of nutritionally balanced meals so that youth may 
become more conditioned to consuming and understanding proper nutrition.  
The National School Lunch Program (NSLP) (11), which was authorized in 1946 and 
is administered by the USDA Food and Nutrition Service, provides financial assistance 
and commodities to public and private nonprofit schools serving lunches that meet 
required nutritional standards according to recommendations of the Dietary Guidelines 
for Americans (22).  In the 2004-2005 school year, the NSLP was operating in 90% of 
public schools (94,622 schools) with enrollments of almost 49 million students (11). 
Over 29 million lunches were served each day, which demonstrates a participation rate of 
about 59% (11).  On a typical school day, about 60% of participants were receiving free 
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or reduced price lunches (11).  Higher school lunch participation rates were seen among 
younger children (11).  First and second graders had the highest participation rate at 69% 
(11).  They were followed in descending order by grades three and four (66%), five and 
six (63%), seven and eight (47%), nine and ten (45%), and eleven and twelve (35%) (11). 
NSLP nutrition requirements state that school meals must meet at least one-third of 
the Recommended Dietary Allowances of protein, vitamin A, vitamin C, iron, calcium, 
and calories (79).  Additionally, the lunches cannot have more than 30% of the calories 
coming from fat or 10% of the calories coming from saturated fat (79).  Although these 
requirements have improved the nutritional content of school lunches immensely, there is 
still room for improvement.  For example, even if schools are complying with these 
requirements, there are still nutrition concerns and inadequacies that can occur.  No limits 
are currently in place regarding the amount of calories, sodium, trans fats, and added 
sugars present in school lunch.  Additionally, since the calorie recommendation is set as a 
minimum, menu planners may plan meals with too many calories.  Menu planners may 
intentionally add excess calories so that the amount of fat remains below 30% of the 
calories.  Since the fat requirement is simply based upon percentage of calories coming 
from fat rather than grams of fat, high calorie meals are easier to fit into the NSLP 
nutrient requirements.  Although requirements help ensure nutritional adequacy, they 
may also result in inappropriately high-calorie meals being served to a population already 
at risk for overweight and obesity.  
While federal law requires schools to ensure their menus meet NSLP guidelines, this 
is not well enforced.  Unfortunately, a large proportion of schools still do not meet these 
requirements. According to the second School Nutrition Dietary Assessment Study, 
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which was conducted in the 1998-1999 school year and provided nationally 
representative information on the nutritional quality of meals served in public schools 
that participated in the NSLP, an average of 33% of calories in elementary school lunches 
came from fat and about 12% of calories came from saturated fat (80). Additionally, only 
20% of schools kept calories from fat under the recommended 30%, and only 14% kept 
calories from saturated fat under the recommended 10% (80).  However, school lunches 
did provide more than one-third of the Recommended Dietary Allowances for all targeted 
nutrients (80).  
Nevertheless, it should be noted that simply providing a meal adequate in nutrients 
does not guarantee consumption of those nutrients.  Even if nutritionally optimal, if the 
meals are not prepared and served in a manner enticing to students, nutritional 
inadequacies may still exist.  To properly nourish students, quality meals must be offered 
and students must then choose to consume them.  Thus, creating menus that please the 
tastes of students in addition to delivering proper nutrition is necessary.  National data 
from 1991-92 indicated that about 12% of calories from food served to students under the 
NSLP went uneaten (81).  A more recent study conducted among 160 students in 2 US 
elementary schools found that about 25% of calories served were wasted (82).  Yet 
another study conducted at 2 urban southern US schools found that overall food waste 
averaged 12.9% (83).  This study also found that 25% or more of the students did not 
consume at least 75% of one-third the Recommended Dietary Allowance for thiamin, 
vitamin B-6, ascorbic acid, iron, and magnesium at either school or of niacin and vitamin 
A at 1 of the schools (83).  
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Overall, when compared to non-NSLP participant meals, the NSLP provides meals 
that are higher in fat and saturated fat, but also higher in most nutrients.  Gordon et al. 
(84) found that students who participated in the NSLP had better nutrient intakes than 
students who ate elsewhere, including students who brought lunch from home, students 
who ate from vending machines, and students who ate off campus, such as at grocery 
stores and fast food restaurants.  More specifically, NSLP participation was associated 
with higher lunch intakes of vitamin A, calcium, iron and magnesium (84).  Additionally, 
participation in the School Breakfast Program, which is another food program 
administered by the USDA and available to children in schools, was associated with 
higher breakfast intakes of calcium, riboflavin, phosphorus, and magnesium (84). 
However, Gordon et al. (84) also found that NSLP participation was associated with 
higher percentage of calories from fat and saturated fat as well as lower intakes of 
vitamin C.  
Data from the 1994-1996 Continuing Survey of Food Intake by Individuals also 
found similar results, such as greater intakes of vitamin B6, vitamin B12, thiamin, 
riboflavin, calcium, phosphorus, magnesium, and zinc and less added sugar (13.2% of 
calories vs. 22.9%) among NSLP-participants as compared to non-participants (85). 
Additionally, compared to non-participants, NSLP-participants consumed more servings 
of vegetables (1.3 versus 0.6) and milk (0.8 versus 0.2 servings) and less soda (0.2 versus 
0.4) and fruit drinks (0.1 versus 0.3) (85).  However, both total fat and saturated fat 
intakes from all foods consumed at lunch were higher among NSLP-participants (37 and 
15% of calories, respectively) than non-participants (32 and 11% of calories, 
respectively) (85).  Overall, despite a higher fat content, the NSLP provides relatively 
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healthy meals to students when compared to most of the lunches consumed by non-
NSLP participants.  
Nevertheless, improvement may still be observed in school lunch.  To achieve 
improved nutrition among children in schools,  it is necessary to evaluate the reasons for 
students consuming and not consuming school lunch as well as ways to improve school 
lunch and then make the necessary changes wherever practical and possible.  
A nationally representative study of 6556 students revealed many issues related to 
school lunch participation (86).  It found that m e a l  pri c e  w a s  t h e  si n g l e  m o s t  
i m p o r t a n t  pr e d i c t o r  of  p a r t i c i p a t i o n .   Of t h e  st u d e n t s  a p p r o v e d  for  fr e e  m e a l s ,  
8 5 %  r e c e i v e d  sc h o o l  lu n c h  o n  a  typi c a l  sc h o o l  d a y .   In  co n t r a s t ,  o n l y  5 8 %  of  
st u d e n t s  n o t  a p p r o v e d  for  ei t h e r  fr e e  or  r e d u c e d  pri c e  m e a l s  co n s u m e d  sc h o o l  
lu n c h .   T h i s  st u d y  al s o  fou n d  hi g h e r  pa r t i c i p a t i o n  r a t e s  a m o n g  yo u n g e r  
st u d e n t s  a n d  in  sc h o o l s  w i t h o u t  a  la  ca r t e  op t i o n s  a n d  w h e r e  fac u l t y  a n d  st a ff  
at e  in  t h e  s a m e  di n i n g  a r e a  a s  st u d e n t s .   Addi ti o n a l l y ,  st u d e n t s  w h o s e  
p a r e n t s  co n s i d e r e d  t h e  Sch o o l  Lun c h  to  b e  m o r e  n u t r i t i o u s  t h a n  lu n c h  at  
h o m e  w e r e  m o r e  li k e l y  to  p a r t i c i p a t e .   Ho w e v e r ,  st u d e n t s  w h o s e  pa r e n t s  
in d i c a t e d  t h a t  n u t r i t i o n  w a s  t h e  pri m a r y  co n s i d e r a t i o n  in  c h o o s i n g  w h e r e  
t h e i r  c h i l d  co n s u m e d  lu n c h  p a r t i c i p a t e d  le s s  fre q u e n t l y .   If t h e  st u d e n t ,  a s  
op p o s e d  to  hi s  p a r e n t s ,  d e c i d e d  w h e r e  t h e  st u d e n t  at e  lu n c h ,  p a r t i c i p a t i o n  
d e c r e a s e d .   Stud e n t s  w h o s e  p a r e n t s  h a d  hi g h e r  e d u c a t i o n a l  le v e l s  w e r e  le s s  
li k e l y  to  pa r t i c i p a t e .   
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Amount of time allowed to eat lunch is another factor involved with school lunch 
satisfaction and consumption rate.  T hi s  m a y  b e  e s p e c i a l l y  i m p o r t a n t  in  sc h o o l s  
w h e r e  r e c e s s  foll o w s  lu n c h  a n d  st u d e n t s  d o  n o t  d e v o t e  suffi ci e n t  ti m e  to  
m e a l s  in  or d e r  to  co n s u m e  a d e q u a t e  n u t r i e n t s  (87).   In  a  st u d y  of  hi g h  sc h o o l  
st u d e n t s  in  Cinci n n a t i ,  83% of students surveyed reported time to eat lunch was too 
short and 62% reported that wait in lines was too long (88).  
In  lig h t  of  t h e s e  fin d i n g s ,  at t e n t i o n  s h o u l d  b e  p a i d  to  iss u e s  t h a t  c a n  
i m p r o v e  sc h o o l  lu n c h  p a r t i c i p a t i o n  r a t e s ,  n a m e l y ,  a d d r e s s i n g  ti m e  
co n s t r a i n t s ,  k e e p i n g  co s t s  d o w n ,  m o d i f y i n g  or  eli m i n a t i n g  a  la  c a r t e ,  
in cl u d i n g  fac u l t y  a n d  st aff  in  t h e  di n i n g  a r e a ,  a n d  i m p r o v i n g  t h e  n u t r i t i o n  
a n d  p e rf o r m a n c e  of  sc h o o l  lu n c h  m e n u s  a n d  t h e n  m a r k e t i n g  t h a t  
i m p r o v e m e n t  to  st u d e n t s  a s  w e l l  a s  p a r e n t s .  
Im p r o v i n g  Sch o o l  Lun c h  Menu s  
Analyzing food consumption and waste patterns is one way to understand how well 
menus are accepted and define where changes are needed.  Connors’ and Rozell’s (89) 
study of patients in an acute care hospital demonstrated how improving a menu’s 
performance by analyzing waste led to decreased waste and increased consumption of the 
menu’s offerings, and therefore, nutrients.  The study consisted of 2 one-week long plate 
waste studies occurring at the beginning and end of a 1-year period.  The first phase 
evaluated 383 trays and the second evaluated 467 trays (89).  In  t h e  firs t  p h a s e ,  2  
e n t r e e s ,  4  st a r c h e s ,  all  of  t h e  v e g e t a b l e s ,  sli c e d  w h e a t  b r e a d ,  a n d  s k i m  m i l k  
sc o r e d  b e l o w  ac c e p t a b l e  m i n i m u m  co n s u m p t i o n  le v e l s  (89).   As a  r e s u l t ,  m e n u  
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c h a n g e s  w e r e  m a d e  ac c o r d i n g l y ;  r e d  po t a t o e s ,  m a c a r o n i  a n d  c h e e s e ,  a n d  
di n n e r  rol l s  r e p l a c e d  n o o d l e s ,  ric e ,  a u  gr a t i n  po t a t o e s ,  a n d  sli c e d  w h o l e  w h e a t  
b r e a d ,  a n d  spi n a c h  w a s  eli m i n a t e d  fro m  t h e  m e n u .   In  t h e  s e c o n d  p h a s e  all  
e n t r e e s ,  7  v e g e t a b l e s ,  a n d  t h e  di n n e r  rol l  w e r e  co n s u m e d  in  ac c e p t a b l e  
q u a n t i t i e s ,  b u t  s k i m  m i l k ,  gr e e n  b e a n s  a n d  to s s e d  s a l a d  co n t i n u e d  to  sc o r e  
lo w .   T h u s ,  t e s t i n g  a  m e n u ’ s  p e r f o r m a n c e  a n d  t h e n  m a k i n g  n e c e s s a r y  c h a n g e s  
is  a n  i m p o r t a n t  st e p  in  pl a n n i n g  n u t r i t i o u s  m e n u s  t h a t  a r e  al s o  w e l l -
a c c e p t e d .   
Much  r e s e a r c h  h a s  b e e n  co n d u c t e d  in  sc h o o l s  to  h e l p  w i t h  t h e  iss u e  of  
cr e a t i n g  n u t r i t i o u s ,  w e l l - ac c e p t e d  m e a l s .   According to a review of food waste in 
schools by Buzby and Guthrie (81), possible causes of waste included wide variation in 
student appetites and energy needs, differences between meals served and student 
preferences, scheduling constraints that interfered with meal consumption or resulted in 
meals being served when children are less hungry, and availability of substitute foods 
from competing sources. 
Si mi l a r l y ,  Marl e t t e  et  al.’s  st u d y  (90)  of  7 4 3  sixt h - gr a d e r s  in  3  m i d d l e  
sc h o o l s  fou n d  t h a t  foo d  typ e  a n d  pr e p a r a t i o n  a n d  t h e  pu r c h a s e  of  co m p e t i t i v e  
foo d s ,  w h i c h  a r e  d efi n e d  a s  a n y  foo d s  sol d  at  sc h o o l  t h a t  a r e  n o t  p a r t  of  t h e  
NSLP (i.e.  a  la  ca r t e ,  s n a c k  b a r s ,  v e n d i n g  m a c h i n e s ,  a n d  fu n d r a i s e r s )  (9 1)  
i m p a c t e d  foo d  ac c e p t a n c e  a n d  w a s t e  in  sc h o o l s .   More  sp e c i fi c a l l y ,  a m o n g  
frui t  off e r i n g s ,  t h e  froz e n  frui t  jui c e  b a r  h a d  t h e  hi g h e s t  ac c e p t a n c e ,  foll o w e d  
in  d e s c e n d i n g  or d e r  by  a p p l e s a u c e ,  p e a r s ,  w h o l e  a p p l e s ,  a n d  or a n g e s .   Of t h e  
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gr a i n  offe r i n g s ,  bi s c u i t s  w e r e  a c c e p t e d  by  t h e  hi g h e s t  p e r c e n t a g e  of  
st u d e n t s ,  foll o w e d  in  d e s c e n d i n g  or d e r  by  ta c o  s h e l l s ,  s a l t i n e  cr a c k e r s ,  
Spa n i s h  ric e ,  b u n s  a n d  sp a g h e t t i .   Of t h e  v e g e t a b l e  off e r i n g s ,  m a s h e d  
po t a t o e s  h a d  t h e  hi g h e s t  a c c e p t a n c e ,  foll o w e d  by  fri e s ,  co r n ,  s a l a d  a n d  gr e e n  
b e a n s ,  a n d  t h e n  b o i l e d  po t a t o e s .   Also,  c h o c o l a t e  m i l k  h a d  a  m u c h  hi g h e r  
a c c e p t a n c e  t h a n  w h i t e  m i l k .   Addi ti o n a l l y ,  t h e  pu r c h a s e  of  co m p e t i t i v e  foo d s ,  
w h i c h  a r e  g e n e r a l l y  hi g h e r  in  fat  a n d  c al o r i e s ,  le d  to  si g n i f i c a n t l y  gr e a t e r  
w a s t e  of  frui t s ,  gr a i n  pr o d u c t s ,  m e a t s ,  a n d  m i x e d  di s h e s  (90).   A st u d y  of  
sixt h - gr a d e r s  at  3  pu b l i c  sc h o o l s  in  Kent u c k y  al s o  fou n d  t h a t  competitive food 
purchasers increased their school lunch waste, which resulted in lower intakes of calcium 
and vitamin A from the school lunch; and competitive foods supplied more than one-third 
of total energy for the meal (92).  Thus, limiting the availability of competitive foods may 
reduce waste and improve nutrient intake.
Another strategy aimed at decreasing waste and improving nutrient intake is the 
addition of salad bars to school lunches.  In the past 10 years, they have become more 
common in many public schools (93).  However, few studies have been conducted to 
verify whether they actually lead to increased consumption of FV by the students. 
Adams et al. (93) conducted a plate waste study to analyze whether the presence of salad 
bars compared to pre-portioned FV servings impacted FV consumption in elementary 
students.  They evaluated a total of 294 students in 2 elementary schools with salad bars 
and 2 elementary schools with pre-portioned servings.  They found that the presence of a 
salad bar alone was not sufficient to increase FV intake.  However, FV consumption was 
positively related to the number of FV items offered at salad bars.  Since item variety is 
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usually higher in salad bars, they may be a step in the right direction and only need 
small changes in order to be more beneficial to student health.  As an added benefit, the 
study found that although the amount of food taken by students from the higher variety 
salad bar was less, they still consumed more FV overall.  This means that high variety 
salad bars may be an effective way to increase FV consumption while simultaneously 
decreasing waste (93).    
Similarly, Meyer et al. (94) found that variety of food offered was the best predictor 
of food satisfaction.  Additional variables in his study that highly correlated with overall 
satisfaction included attractiveness of food on the serving line, staff smiling and greeting 
students, quality of food choices, choices that allow students to meet cultural and ethnic 
preferences, courteousness of the staff, and quality of ingredients (94).   
Despite this supportive research for menus to offer students a variety of healthy 
choices and limit availability of competitive foods, the means to implement these menus 
is not always available.  One major barrier to proper menu planning is linked to the 
USDA commodities program, which supplies food items to the NSLP.  Under this 
program, the USDA buys millions of pounds of high-fat, high-cholesterol products, such 
as beef, pork, milk, and other meat and dairy products every year and then distributes 
them at very low cost to schools participating in the NSLP (56). Healthier foods such as 
vegetables, fruits, and nuts receive minor if any federal support making their costs 
relatively higher (56), which makes it financially difficult to plan and serve healthier, 
lower fat meals.  For example, since the government subsidizes hamburger meat and not 
veggie burgers, it costs a school district more than twice as much to provide a high-fiber, 
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low-fat, cholesterol-free veggie burger than it does to provide a higher-fat, fiber-free 
hamburger (56).  
Ove r a l l ,  r e s e a r c h  is  su p p o r t i v e  t h a t  a  co m b i n a t i o n  of  eff o r t s  at  t h e  loc a l  
a n d  n a t i o n a l  le v e l  is  cri ti c a l  to  su c c e s s f u l l y  cr e a t e  w e l l - a c c e p t e d  m e n u s .   It 
s h o u l d  b e  a  hi g h  pri o r i t y  to  id e n t i f y  a r e a s  of  co n c e r n  a n d  po s s i b l e  a v e n u e s  of  
c h a n g e ,  su c h  a s  off e r i n g  a greater variety of choices (92-93), reducing and/or 
modifying availability of competitive foods (94),  modifying food type and preparation 
(94), increasing low-fat and decreasing higher-fat entrée offerings (95), offe r i n g  
attractive food (93), and addressing the commodities program.   
T e a m  Nutri ti o n
Team Nutrition (TN) is an example of one program targeting the current problem of 
obesity and malnutrition among youth (96).  Team Nutrition is an educational and 
promotional initiative developed by the USDA to change children’s eating behavior 
through social marketing techniques and assist schools in meeting the requirements of the 
NSLP and School Meals Initiative.  It provides a broad array of free resources designed 
to educate teachers, students, and parents about the importance of choosing healthy 
foods.  It is available to all schools in the US and over 30,000 schools throughout the 
country have already adopted some aspects of TN.  Several Cache County schools are 
members of TN, although there has been limited implementation of these resources to 
date.  Perhaps the biggest barrier to more effective resource implementation is the need 
for increased coordination and effort from a variety of different people, including 
principals, administrators, food service personnel, teachers, parents, and the community 
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as a whole.  According to a pilot study of TN, coordinators stated it was challenging to 
obtain adequate time and dollars to implement a comprehensive version of TN (97). 
Many reported that the amount of time required for classroom education imposed strain 
on teachers (97).  The workload for food service personnel was also increased (97). 
Obviously, it is difficult to implement big changes in schools.  Nevertheless, a change 
toward improved nutrition is absolutely critical.
Team Nutrition’s mission is “To improve the health and education of children by 
creating innovative public and private partnerships that promote food choices for a 
healthful diet through the media, schools, families and the community.”  The goals 
corresponding with the achievement of this mission are to bring about increased intakes 
of fruits, vegetables, and whole grains, increased variety in food selection, increased 
consumption of lower fat foods, and increased levels of activity.  TN has also factored a 
Social Learning Theory (SLT) component into these goals and mission.  SLT utilizes 
multiple channels to reach children and elicit changed behaviors.  These multiple 
channels include the communities, schools, classrooms, cafeterias, media, and homes of 
children.  
In order to test the effectiveness of its proposed interventions, a process evaluation of 
a TN pilot study was conducted (97).  The project targeted students in kindergarten to 
grade 4 in 7 districts and 19 schools across the nation and systematically documented the 
implementation experience.  The schools were assigned to either the TN implementation 
group or the control group.  The study consisted of 2 TN implementation phases.  Data 
were collected immediately following implementation of Phases I and II as well as 6 
months later on the Phase I group.  Each phase was 8 to 10 weeks long.  Each 
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implementation school was required to hold 2 school-wide cafeteria events, 3 parent 
contacts, 2 chef events, 1 district-wide community event, and 1 media event.  Between 12 
to 33 hours of nutrition education occurred in each of the student’s classrooms.  The 
study found that even with a very short start-up period, schools were able to implement 
most components of the multi-channel nutrition intervention, and school teachers, 
administrators and foodservice professionals expressed support for and satisfaction with 
TN in general (97).  
To measure the effects of TN among students, survey items and observational 
measures were used to assess changes associated with TN messages to eat more fruits, 
vegetables and grains, less fat, and more variety (97).  Telephone interviews with parents 
of fourth graders showed that 23% of parents reported participating in a school or 
community event.  The most frequently attended activities typically took place before or 
after usual work hours, such as a chef breakfast at school, or events in which their 
children participated, such as nutrition skits performed during a Parent/Teacher 
Organization meeting.  Overall, TN had positive impacts on the students.  The results of 
the outcome evaluation showed that TN modestly increased the skill-based knowledge 
and motivation to eat healthier among fourth graders (97).  
More specifically, TN produced statistically significant increases in the number of 
correct responses to nutrition skills questions even after controlling for other potential 
explanations, such as general changes over time.  The only exception occurred in Phase I 
of TN implementation with respect to items, which asked students how the balanced diet 
concept applies to behavior.  Overall, the impact was small, an increase of less than 1 
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additional item answered correctly.  The largest improvement occurred for questions 
asking students to apply their knowledge of the Food Guide Pyramid to behavior.
The study also showed positive and significant impacts of TN on motivation to make 
healthier food choices.  The pattern was consistent across all 3 impact measures, which 
included Phases I and II of implementation and the 6-month follow-up of Phase I. 
Improvement was observed in the “cognitive rules” scale items, which asked students to 
indicate both their willingness to make the healthier food choice and an understanding of 
what that required.  
In general, there were some, but not consistently, positive impacts across the different 
measures of eating behavior.  The results from analyses of student self-reports were the 
most uniform.  TN students were significantly more likely than comparison schools to 
report improved quality of diet when asked about usual food choices, food choices in the 
last 2 weeks, and yesterday’s choices.  The degree of change was modest and comparable 
to that observed for nutrition skills and motivation.  In contrast, the self-reported behavior 
changes were not statistically significant at the 6-month follow-up for Phase I students.
Data from cafeteria observations were also included in the study.  Fourth-graders’ 
food choices and consumption were measured for up to 3 matched pairs of days before 
and after TN.  The focus of these observations was on behaviors that TN was expected to 
affect, such as increased grain consumption and selection of lower-fat milk.  Positive TN 
impacts were found in the amount of grains consumed from school lunches as well as in 
the diversity of food items and food groups tasted.  The size of such changes was 
relatively small.  Modest shifts in the proportion of students who made healthier food 
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choices were observed.  TN effects on the selection and consumption of fruits, 
vegetables, and low fat milk improved, but did not achieve statistical significance.   
TN impacts on students were also measured by asking parents to describe the degree 
of any change in their children’s nutrition awareness and eating behaviors.  Based on 
parent’s perceptions, TN produced statistically significant increases in nutrition 
awareness.  More specifically, parents of students from TN schools perceived that their 
fourth-graders talked more about nutrition at home and showed a greater interest in food 
shopping.  However, perceived changes in eating behaviors were not significantly 
different than reports from parents of control students.  This pattern of results was similar 
to the ones associated with other outcome measures of knowledge and behavior. 
Statistically significant TN impacts were more consistently observed for knowledge and 
motivation than for behavior changes.
Finally, the study also included preliminary analyses of TN impacts across different 
intervention experiences.  First, this analysis considered TN as a whole and students were 
categorized as either participating or not participating.  Second and third, the cumulative 
number of elements a student experienced and the relative effectiveness of exposure to 
specific intervention elements were analyzed.  The available elements were student 
exposure to at least 1 TN public service message, student receipt of TN classroom 
education, student participation in TN cafeteria events, student participation in TN 
community activities, parent participation in any TN or any other nutrition events at 
school, and parent participation in any TN or any other nutrition activities at home.  In all 
3 analyses, TN had a small, but statistically significant and positive impact on self-
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reported eating behaviors.  However, these effects were attenuated and no longer 
statistically significant at the 6-month follow-up.
In summary, it should be noted that TN impacts were more consistently statistically 
significant for knowledge and motivation rather than for behavior changes.  However, the 
more exposure to TN events that students received, the more their nutrition behavior 
improved.  TN exposure occurred in a variety of ways including in classrooms, cafeterias, 
physical education classes, after-school activities, assemblies, communities, and the 
radio.  As students increased their participation in TN activities in this study, their mean 
scores on the self-report scales of nutrition behavior increased fairly consistently, which 
supports the social marketing approach of TN.  Eating behavior is most effectively 
influenced by reaching students through multiple channels and broad environmental 
changes.  Overall, the data from the TN Pilot Study support the need for future research 
and interventions to be based on broad, multiple-channel nutrition education efforts (97).
Hypotheses
The following hypotheses were examined among fourth-graders at 2 elementary 
schools in the Cache County School District:
1. Fourth-graders consume fewer fruits and vegetables than recommended. 
2. Challenging students to eat more FV and then rewarding them is associated 
with increased consumption of FV.
3. Offering a new variety of FV during lunch is associated with a greater 
consumption of FV. 
4. Classroom nutrition education is associated with FV consumption.
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Methods
All protocols and procedures were reviewed and approved by the Utah State 
University (USU) Institutional Review Board and the Cache County School District 
(CCSD) to ensure the protection of participants.  All fourth-graders at 1 school in the 
CCSD were selected to participate in this study.  This school was selected due to the high 
willingness and enthusiasm of the school foodservice manager, principal, and fourth-
grade teachers to help with the project.  Letters of information were sent home with these 
students allowing them and/or their parents to opt the students out of the study without 
penalty if they chose to do so.  As a result, data were collected from 98.7% (n=75) of 
students.  Data were collected from January to May of 2007.  This consisted of 9 days of 
data collection, which included 2 baseline days and 1 to 2 days during each of 4 
intervention phases.  Baseline data were defined as data collected during the first wave of 
data collection, which was prior to all interventions.  
Data collection consisted of a visual plate waste study designed to assess food 
consumption with special interest paid to intake of the FV offered as part of the school 
lunch FV bars.  These FV bars, which are offered in addition to the choices on the main 
serving line, permit students to take as much or as little FV as they desire as opposed to 
the main serving line where servings are portioned prior to serving.  Information 
regarding lunchtime food intake was obtained by photographing each student’s lunch tray 
and corresponding identification number before and after consumption.  The 
identification numbers were used in order to maintain confidentiality and photographs did 
not include any identifying information.  The identification numbers were assigned by the 
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school district and no identifying information was available to USU researchers as per 
the protocol provided by the Institutional Review Board.  
Trained researchers assessed mashed potato intake, which was served in standard 
amounts from the school lunch serving line, according to a 6-point rating scale with 20% 
increments and FV from the FV bar to the nearest quarter cup.  Intakes during each 
intervention were compared to intakes at baseline.  Five waves of data collection were 
conducted, which included a baseline measure, 2 separate FV challenges, a new variety 
intervention and a classroom education intervention.  Data were also collected by 
observation on gender and ethnicity (white vs nonwhite), and the number of students 
receiving free, reduced, and regular price lunches was provided by the district.  Means 
and paired t-tests were used to examine differences between FV consumption at baseline 
and during each intervention.  
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CHAPTER II
MALNUTRITION IN THE US: AN OVERFED AND 
UNDERNOURISHED NATION: A REVIEW
Abstract
Interventions aimed at improving the nutrition status among children in the 
United States are difficult to plan and implement.  Further research that examines the 
effectiveness of existing interventions and planning of new interventions based on past 
research is needed to improve the health of the nation.  Low intakes of nutrients and high 
intakes of calories are a significant aspect of malnutrition often associated with obesity in 
the United States.  In general, overall intakes of nutrient-dense foods such as fruits, 
vegetables, whole grains, and low fat dairy products are low and intakes of energy-dense 
foods, such as chips, candy and soda are high.  Although many interventions have been 
implemented in schools and other settings, the prevalence of overweight and obesity is at 
an all-time high and compliance to national nutrition and activity recommendations is 
low.  The cost of obesity among youth is significant both in terms of money spent on 
health care as well as to individuals’ mental, emotional, and physical wellbeing.  This 
review focuses on the burden of overfed yet undernourished adults and youth.  
Introduction
Facilitating nutritional improvement in schools may be an important aspect of 
improving health in the US and reversing the alarming trends of obesity currently 
observed.  Despite a growing knowledge about nutrition and the variety of programs in 
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place to fight this epidemic, the prevalence of obesity continues to rise among children, 
adolescents and adults living in the US.  Even though the majority of people exceed their 
caloric intake recommendations as set forth by the US Department of Agriculture, they 
still fail to meet vitamin and mineral recommendations.  Such unhealthy dietary habits 
may be associated with numerous problems, including a lengthy list of premature chronic 
diseases (1), impaired mental performance among children (2), and a decreased 
quality of life (3-4).  The National School Lunch Program (NSLP) (5) and Team 
Nutrition (6) are 2 examples of ongoing programs available to public schools with goals 
to help reverse these trends of unhealthy living.  By implementing changes in food 
service and adding a nutrition education component to classroom curriculum, these 
programs hope to initiate positive changes in students’ dietary habits, which may then be 
maintained lifelong.  
Background
An Overfed Nation
Prevalence of Overweight and Obesity 
The ever-increasing weight status of US residents is indicative of an epidemic of 
obesity and its related consequences.  Although one national health objective for the year 
2010 is to reduce the prevalence of obesity among adults to fewer than 15% (7), current 
data indicate that the situation is actually worsening rather than improving.  During the 
past twenty years, there has been a dramatic increase in obesity.  According to the Center 
for Disease Control’s (CDC) Behavioral Risk Factor Surveillance System (BRFSS) (8), 
37
which uses standard procedures to collect data through a series of monthly telephone 
interviews with US adults, in the year 1991, only 4 US states had obesity prevalence rates 
of 15% to 19% and no states had rates at or above 20%.  Nine years later, 22 sates had 
obesity prevalence rates greater than 20%.  By 2005 only 4 states maintained obesity 
prevalence rates less than 20% while 17 states had prevalence rates equal to or greater 
than 25% and 3 states had prevalence rates equal to or greater than 30% (8).  Currently, 
66% of US adults are overweight and 32% are obese (9).  According to a review by 
Wang (10), these trends may indicate that 75% of adults will be either overweight or 
obese, and 41% will be obese by the year 2015.  These increasing numbers portray 
obesity as a growing problem in the US that needs to be addressed.
Unfortunately, the nation’s youth are not immune.  According to the National Health 
and Nutrition Examination Surveys (NHANES) (5), the percentage of young people who 
are overweight has more than tripled in the past 3 decades.  NHANES data from 
1976-1980 indicated 6% of children aged 6 to 17 years were overweight, compared to 
11% in 1988-1994, and 18% in 2003-2004 (5).  Additionally, 34% of children and 
adolescents are currently at risk of becoming overweight (10). 
The Centers for Disease Control and Prevention (CDC) defines overweight among 
children as a body mass index (BMI) at or above the 95th percentile of the CDC’s BMI-
for-Age growth charts (11).  Being at risk of becoming overweight is defined as a BMI 
between the 85th and 95th percentiles (11).  
Utah has certainly not escaped the obesity trends.  The prevalence of overweight 
and obesity among Utah adults has increased 112% over 14 years, an increase greater 
than the national increase of 103% (12).  According to the Utah Department of Health 
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(12), the percentage of Utah children in kindergarten through eighth grade who were 
overweight in 2002 ranged between 7.0 to 20.6, with the highest prevalence found among 
seventh-grade boys.  Among fourth-graders, the population studied here, 13.4% of girls 
and 14.6% of boys were overweight.  According to data from 2003, 11.3% of Utah’s 
public high school students were at risk of becoming overweight and 7.0% were already 
overweight (12).  Overall, all age groups in Utah and the US are suffering from 
increasing rates of overweight and obesity and the impact on individual health as well as 
the nation is great.
Impact of Overweight and Obesity
Increasing rates of overweight and obesity raise concern for many reasons including 
increased healthcare and economic costs as well as individual implications for health and 
quality of life (3-4).  Being overweight or obese increases the risk of many diseases and 
health conditions, including hypertension (13-14), dyslipidemia (13), insulin-resistant 
diabetes (13-14), cardiovascular disease (15), osteoarthritis (16), sleep-breathing 
abnormalities (17-18), some cancers (19), and life expectancy (20-21).  All of these 
problems can be observed in the obese adult population and some are observed among 
overweight and obese youth.   
Many obesity-related health conditions once thought applicable only to adults are 
now being seen in children and with increasing frequency.  Mechanisms in the human 
body that eventually lead to heart attacks, strokes, and metabolic, digestive, respiratory, 
skeletal, and psychosocial disorders are often initiated during childhood (22).  According 
to the CDC, an estimated 60% of overweight 5- to 10-year-olds have at least one risk 
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factor for heart disease, such as raised blood pressure or insulin levels (23).  Examples 
of other obesity-related health conditions currently observed in children include 
hypertension, hardening of the arteries, nonalcoholic fatty liver disease, polycystic ovary 
disorder, disordered breathing during sleep, non-insulin dependent diabetes mellitus, 
insulin resistance (24) and various other biomarkers indicative of chronic disease risk 
(22, 25-26).  Non-insulin dependent diabetes, which is often called “adult” onset diabetes, 
is now diagnosed in children as young as 3 and around 40% of all newly diagnosed cases 
occur in children (27).  
Additionally, a higher prevalence of reported fractures, musculoskeletal discomfort, 
impaired mobility, and lower extremity malalignment is also found among overweight as 
compared to normal weight children (28).  To further compound the issue, these 
orthopedic difficulties may affect the likelihood that children will engage in physical 
activity and perpetuate the cycle of excess weight gain in children (28).  
Perhaps one of the more shocking results of this increasing prevalence of childhood 
obesity is the effect of obesity on longevity.  As a result of the nation’s declining health 
and increasing obesity, a reverse in the modern era’s steady increase in life expectancy 
during the past 2 centuries may soon be observed as today’s children are no longer 
expected to live a longer life than their parents (22, 29). 
Many research projects have attempted to estimate the economic costs that 
overweight and obesity have incurred in the US.  Colditz’s (30) review of studies 
reporting the economic costs of obesity and inactivity revealed that direct costs of 
obesity, which was defined as direct costs resulting from the treatment of morbidity, total 
about 70 billion dollars annually and that the direct costs of inactivity and obesity 
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combined account for about 9.4% of the national health care expenditures in the US. 
When indirect costs such as lost productivity (work days lost) and forgone earnings 
caused by premature mortality are also included in estimates of the cost of obesity, the 
large numbers are even more astounding.  In 2006 health care spending and lost 
productivity from cardiovascular disease alone, which is often associated with 
overweight and obesity, exceeded 400 billion dollars in the US (31).  A nationally 
representative study of US adults aged 18 to 64 years old estimated the costs of obesity 
(excluding overweight) at a firm with 1000 employees to be 285,000 dollars per year. 
The study also discovered that although those with grade-III (BMI > 40) obesity 
represented only 3% of the employed population, they accounted for 21% of the costs 
due to obesity (32).  Another study of the US population aged 40 years and older found 
that physical inactivity, overweight, and obesity were associated with 23% of health plan 
health care charges and 27% of national health care charges (33).  A study in the state of 
Massachusetts estimated that medical expenditures for obese people were 25% to 27% 
higher than normal weight people, and 44% higher among people who are very obese 
(34).  Overall, the expenses of obesity and overweight are staggering and should not be 
ignored when calculating the burden of obesity on the US.
Increased health care expenses are also observed among the nation’s youth.  Analysis 
of data from the National Hospital Discharge Survey from 1979 to 1999 of youth 
illustrates these increased costs (35).  The study analyzed the changes in obesity-
associated diseases and economic costs in youth 6 to 17 years of age (35). Obesity-
associated hospital costs were estimated from the discharges with obesity listed as a 
principal or secondary diagnosis (35). From 1979-1981 to 1997-1999, the percentage of 
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discharges with obesity-associated diseases, including diabetes, gall bladder disease, 
and sleep apnea increased two- to fivefold, which translated into a threefold increase in 
hospital costs (35).  Additionally, these overweight youth may become overweight adults 
and further increase the costs of health care spending in the adult population (36).
Although less quantifiable, another important cost of obesity includes psychosocial 
impacts.  The psychosocial impact of being an overweight child is a growing concern. 
Research shows that overweight children may be more likely to have behavior problems 
(37), emotional and weight-related distress (38), depression (38), and even suicidal 
thoughts and actions (39).  As these costs of obesity are summed, the gravity of the 
situation is nearly impossible to ignore.  The direct and indirect costs for the nation and 
individual, both financially and socially, are great.  
Causes of Overweight and Obesity
The causes of obesity are diverse and complicated.  Many factors have been blamed 
including inactivity, poor food choices, high fat diets, high sugar diets, low nutrient 
intakes, parents, schools, and even the “obesogenic” environment.  Although the causes 
of obesity and how to prevent it are complex, the simple fact that people lack energy 
balance is at the heart of the issue.  In other words, Americans are consuming more 
energy than they are using.  
According to NHANES data, the average adult total calorie consumption increased by 
181 calories per day from 1977-78 to 1994-96, which equates to an average weight gain 
of over 18 pounds per year (12).  Average child and adolescent total calorie consumption 
increased by 64 calories per day in the same time period (12).  To further compound the 
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issue, these weight gain estimates do not include that which may be incurred from 
decreased activity.  In addition to gaining weight from overeating, Americans may also 
be gaining weight because they are expending fewer calories due to less activity. 
This society of elevators, escalators, drive-thrus, and remote-controls caters to the 
inactivity of the nation.  The number of trips the average American adult takes on foot 
each year decreased 42% between 1975 and 1995 (12).  Among American children, 
walking trips decreased 37% in the same time period (12).  According to the National 
Personal Transportation Survey data, the proportion of students walking or biking to 
school decreased from 40.7% in 1969 to 12.9% in 2001 (40).  Currently, only 10% of 
public school students walk to school and the most common means of transportation to 
school is by car, which means most children are not even walking to a bus stop (12). 
According to the 2005 CDC Youth Risk Behavior Surveillance System, only 35.8% of 
youth met the current physical activity recommendation of being active for 60 minutes on 
most days (41). 
The trend of inactivity prevails in Utah as well.  Although Utah is ranked third in the 
nation for adults achieving the recommended amount of physical activity, 44.5% still do 
not get the recommended amount (12).  According to the 2005 CDC Youth Risk 
Behavior Surveillance System, only 35.6% of youth met the recommendation (41).  Thus, 
in addition to higher calorie intakes, inactivity is also contributing to the positive energy 
balance of the nation.
Excessive amounts of time spent viewing television is a related issue to the inactivity 
and poor health of the US.  A study from the 2003 Health Information National Trends 
Survey (42), which created 8 subgroups with varying levels of inactivity, found that the 
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highest inactivity subgroup consisted of individuals who watched 4 or more hours of 
television per day.  Data from the Health Professionals' Follow-up Study (43) 
demonstrated that increased television watching was strongly associated with obesity and 
weight gain, independent of diet and exercise. The study also found prolonged television 
watching to be associated with a significant increase in the risk of type 2 diabetes. Men 
who watched television more than 40 hours per week had a nearly threefold increase in 
the risk of type 2 diabetes compared with those who spent less than 1 hour per week 
watching television.  
The Nurses' Health Study (44) also found that time spent watching television was 
positively associated with risk of obesity and type 2 diabetes. In their multivariate 
analyses that controlled for the effects of age, smoking, exercise levels, dietary factors, 
and other covariates, each 2-hour per day increment in television watching was 
associated with a 23% increase in obesity and a 14% increase in risk of diabetes. 
Additionally, each 2-hour per day increment spent sitting at work was associated with a 
5% increase in obesity and a 7% increase in diabetes. In contrast, standing or walking 
around at home for 2 hours per day was associated with a 9% reduction in obesity and a 
12% reduction in diabetes. Each hour per day of brisk walking was associated with a 24% 
reduction in obesity and a 34% reduction in diabetes. The study estimated that in their 
cohort, 30% of new cases of obesity and 43% of new cases of diabetes could be 
prevented by adopting a relatively active lifestyle, which was defined as fewer than 10 
hours per week of television watching and at least 30 minutes per day of brisk walking 
(44).  Overall, these studies support an important link among television viewing, 
sedentary lifestyles, and obesity.
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This link between obesity and inactivity also exists in the youth population.  A 
study of 9- to 12-year-old military dependents found significant relationships between 
childhood obesity and computer usage, television watching, and total hours in sedentary 
behavior (45).  Another study analyzed data from the nationally representative 1999 
Youth Risk Behavior Survey of high school students and found that watching television 
more than 2 hours per day was associated with being overweight and sedentary among 
White females, and with being overweight among Hispanic females and White males. 
However, no significant associations were found among Black females or Hispanic 
males, and television viewing among Black males was associated with greater 
participation in physical activity (46).  Thus, it may be critical to consider cultural factors 
when defining the impact television viewing has on physical activity levels. 
Nevertheless, most ethnicities may adopt more active lifestyles if they decrease television 
viewing time.
Television viewing rates in the US are very high.  Among American adults, the 
average male watches 29 hours of television per week and the average female watches 34 
hours per week (12).  According to the Kaiser Family Foundation Study (47), 33% of 
younger children devoted 3 hours of time to television viewing on a typical day. 
According to the 1999 Youth Risk Behavior Survey of high school students (46), 
television viewing on an average school day exceeded 2 hours per day among 43% of 
students.  A national survey found that 56% of children 8 to 16 years of age have a 
television in their bedrooms (12).  In Utah about 38.2% of public high school students 
watch 3 or more hours of television per day on an average school day (12).  
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In addition to television viewing contributing to inactivity, it may also contribute to 
worse eating habits.  In part, this may be due to advertisement exposure.  Powell et al’s 
study (48) of almost 100,000 children and adolescents found that between 89.4% and 
97.8% of food-product advertisements viewed by children were high in fat, sugar, or 
sodium. On average, nearly 50% of total calories among the products advertised came 
from sugar (48). A total of 97.6% of cereal advertisements seen by children aged 2 to 11 
years were for high-sugar cereals (48).  Overall, this overwhelming majority of poor 
nutritional food advertisements seen on television by American children and adolescents 
seems inappropriate.
Whether these advertisements or other factors are to blame, some studies show an 
association between television viewing and poorer eating habits and obesity.  The 1999 
Youth Risk Behavior Survey of high school students found that watching television more 
than 2 hours per day was associated with eating insufficient fruits and vegetables among 
White females and males (46).  A study by Vereecken et al. (49) concluded that high 
television viewing rates among adolescents was associated with not only increased 
consumption of less healthy food options such as sweets and soft drinks, but also 
decreased consumption of fruits and vegetables.  A study in Australia (50) found similar 
results among children in grades five and six where increased television viewing led to 
increased consumption of and more positive attitudes about junk food.  Overall, 
television viewing may be a contributing factor to an environment that promotes poor 
health by encouraging both a sedentary lifestyle and less healthy food choices.  
Despite these issues of poor health and inactivity observed in the nation’s youth, 
many schools still do not provide adequate physical education (PE) classes.  In 1994, 
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only 17% of middle and junior high schools and 2% of senior high schools required 
daily physical education for all students (51).  National surveys of high school students 
indicated that only 49% of students were enrolled in PE and only 27% had PE on a daily 
basis (52).  According to Nader’s review (53) of data from the National Institute of Child 
and Human Development Study of Early Child Care and Youth Development Network, 
which included third graders at 684 elementary schools in 10 sites around the US, 
children averaged 2.1 PE lessons per week and only 5.9% of children had daily PE.  It 
seems this lack of PE enrollment may be exacerbating the issues of inactivity among the 
nation’s youth.
An additional issue is that the simple act of schools offering regular PE classes does 
not guarantee sufficient amounts of quality physical activity among the students.  Nader’s 
review (53) of third-graders also found that during an average PE lesson, children 
accrued only 4.8 minutes of very active and 11.9 minutes of moderate to vigorous 
physical activity, which was 15% and 37% of the lesson time, respectively.  According to 
data from the national school-based Youth Risk Behavior Surveys in 1991, 1993, 1995, 
and 1997, the prevalence of students who attended PE daily, and the prevalence of 
students who were physically active more than 20 minutes in an average PE class both 
decreased significantly among nearly all demographic subgroups (54).  
In straightforward terms, many Americans eat too much and exercise too little, which 
contributes to the energy imbalances that precede weight gain. The US may benefit 
substantially by becoming more active and decreasing food intake in order to achieve and 
maintain a healthy weight.
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An Undernourished Nation
Poor Food Choices
In addition to trends of overweight and obesity, poor compliance to national dietary 
guidelines also contributes to the nation’s epidemic of malnutrition.  Many people are not 
consuming appropriate varieties and quantities of foods in order to comply with a healthy 
diet as defined by the US Department of Agriculture’s (USDA) publications of the Food 
Guide Pyramid and MyPyramid (55) and the Dietary Guidelines for Americans (56). 
While average caloric intake often exceeds recommendations, certain healthy food 
groups that provide essential micronutrients are often inadequate.
The average American is consuming too much high-fat and high-sugar food and too 
few fruits, vegetables, whole grains, and milk products.  According to data from the 
1994-1996 Continuing Survey of Food Intake by Individuals, only 2% of US children 
met recommendations for all 5 major food groups in the food guide pyramid (57). 
Additionally, only 14% ate the recommended amount of fruits, 20% ate the 
recommended amount of vegetables, 17% ate the recommended amount of meat, 23% ate 
the recommended amount of grains, and 30% consumed the recommended amount of 
milk (57).  On average, teenagers are barely consuming 1 cup of milk per day (58). 
Instead, between 56% to 85% of children, depending on age and gender, are consuming 
soda on any given day (57).
Related to this poor compliance to national food group recommendations is a poor 
compliance to sugar and fat recommendations.  Data from the 1994-1996 Continuing 
Survey of Food Intake by Individuals showed that added sugars contributed 20% of 
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overall calorie intakes among school children, which is double the maximum 
recommendation (57).  Absolute mean intakes of added sugars ranged from 19 teaspoons 
for females aged 6 to 8 years to 36 teaspoons per day (3/4 cup) for males aged 14 to 18 
years (57).  Over 66% of children ate more than the recommended amount of saturated 
fat and total fat (57).  
Other studies have also observed poor dietary habits among youth.  Lambert et al’s 
study (59) that monitored food choices of nearly 1000 boys aged 7 to 16 years in a school 
cafeteria found that buns (defined as iced buns, iced donuts, jam donuts, large muffins, 
and flapjacks) and cookies were over 10 times more popular than fresh fruits and yogurts 
and that sugary soft-drinks were over 20 times more popular than fresh fruit drinks and 
milk combined.  Another study by Lambert et al. (60) of 30 boys aged 8 to 11 years over 
78 days for a total of 1909 meals found that the cohort was clearly choosing meals 
containing higher than the recommended maximum amounts for sugar and lower than the 
recommended minimum amounts of fiber, iron and vitamin A. However, protein and 
vitamin C contents of meals chosen were well above minimum requirements. Over the 
1909 meals, the 8 nutrient requirements studied were met 41% of the time.  According to 
Bray et al.’s analysis (61) of USDA food consumption tables from 1967 to 2000, the 
consumption of high-fructose corn syrup (HFCS), which is high in sugar and low in 
nutrients, increased more than 1000% between 1970 and 1990.  A conservative estimate 
of HFCS consumption indicated a daily average of 132 calories for all Americans aged 2 
years and older.  
Analysis of calorie and fat consumption patterns among adolescents at various types 
of restaurants also support a poor compliance to dietary guidelines.  In Yamamoto et al’s 
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study (62), 104 adolescents were asked to order a dinner meal from 10 restaurant 
menus and then provide an estimate of how much they would actually consume.  The 
meals averaged 1114 calories and 53 grams of fat and ranged from a mean of 800 calories 
and 34 grams of fat to 1656 calories and 93 grams of fat depending on the restaurant (62). 
National recommendations advise between 2000 and 2800 calories per day for 
moderately active adolescents, with older males needing closer to 2800 and younger 
females closer to 2000 (55).  Fat recommendations are to include between 20% and 35% 
of calories from fat (56).  In this study adolescents consumed between 40% and 55% of 
their daily calories and averaged 43% of calories from fat in a single meal (62).  
A study of 2,748 low-income US children found that virtually all children studied 
could benefit by reducing added sugars and discretionary fat and increasing low-fat, low-
sugar options from the vegetable, fruit, meat, and milk food groups (63).  In this study, 
diets were evaluated and assigned a Healthy Eating Index score (64), which is a measure 
developed by the USDA for assessing how well a diet conforms to the recommendations 
of the Food Guide Pyramid (55) and the Dietary Guidelines for Americans (56).  A diet 
with a score greater than 80 is considered "good," one with a score of 51-80 is considered 
"fair," and one with a score of less than 51 is considered "poor."  In this study, each child 
was placed in 1 of 8 different eating patterns based upon his or her dietary habits.  Since 
73.4% of the 4- to 8-year old children fit into the “Light Eaters” eating pattern, it seems 
fitting to report their results in greater detail.  On average, these children consumed 
approximately 40% of their energy from discretionary fat and added calories, which is 
about 30% more than the maximum recommendation.  Additionally, they rarely 
consumed the minimum number of recommended servings from Food Guide Pyramid 
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food groups.  Their overall Healthy Eating Index score of 66, which is considered 
“fair,” was weighted down the most by poor compliance to fruit, vegetable, and saturated 
fat recommendations.  Simply stated, the results showed children were not following 
balanced and moderate diet patterns consistent with national recommendations.  
Intakes of fruit and vegetables (FV), which are of particular interest in many studies, 
have been consistently below recommendations in almost every observation.  According 
to the CDC’s 2002 Behavioral Risk Factor Surveillance System (65), 77% of people aged 
18 and older were not consuming the recommended minimum 5 servings of FV per day. 
Casagrande et al.’s analysis (66) of 1988-1994 and 1999-2002 NHANES data estimated 
that 27% to 28% of US adults met USDA guidelines for fruit intake, 32% to 35% met 
guidelines for vegetable intake and 11% met guidelines for fruits and vegetables 
combined.  
Data from the 2005 Behavioral Risk Factor Surveillance System also demonstrated 
inadequate fruit and vegetable intake (67).  Depending on ethnicity, between 19.5 (white 
non-hispanic) to 27.1% (multiracial, other) of people in the US met the recommendation 
to consume at least 5 servings of FV per day (67).  Only 32.6% of adults consumed fruit 
2 or more times per day and 27.2% of adults consumed vegetables 3 or more times per 
day (68).  Overall, these studies spanning from 1988 to 2005 show that among a majority 
of Americans, FV consumption has never been adequate.
Among Utah residents, 79% of adults are not consuming minimum FV 
recommendations (65).  Between 30% and 34.9% met recommendations for fruit 
consumption and 20% to 24.9% met recommendations for vegetable consumption (68). 
Additionally, the average Utah adult consumed fewer FV in 2003 compared to 1998 (12). 
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In 1998, 26.7% of Utah adults ate 5 or more servings of FV per day compared to 
20.6% in 2003 (12).   
  Overall, fat, sugar and calorie intakes are up while dairy, fruit, and vegetable intakes 
are down.  This prevalence of excessive high-calorie foods and inadequate high-nutrient 
foods is contributing heavily to the malnutrition status of the nation. 
Inadequate Nutrient Intakes
Between these low intakes of fruits, vegetables, and low fat dairy products and high 
intakes of high-fat and high-sugar foods, it is difficult to achieve minimum nutrient 
recommendations, especially without exceeding calorie needs.  Data from the 1976-1980 
NHANES showed that as the proportion of daily energy intake from fats, sweets, and 
alcohol increased, total daily energy intake also increased, while intakes of 
micronutrients and foods from the major food groups decreased (69).  Another study of 
the same data concluded the only eating pattern to provide mean amounts of all key 
vitamins and minerals at levels greater than or equal to recommendations was a pattern 
that included all food groups, namely dairy, meats, grains, fruits, and vegetables (70).  
A more specific study by Larson et al. (71) found that calcium intakes were 
significantly and inversely related to consumption of soft drinks and fast food among 
adolescent males and to fast food among adolescent females.  In addition, the 1994-1996 
Continuing Survey of Food Intake by Individuals found that mean intakes of vitamin E, 
folate, zinc and calcium and median intakes of vitamin A and magnesium among children 
were inadequate (57).  Affenito et al.’s (72) analysis of 3-day food records collected in 
the National Heart, Lung, and Blood Institute Growth and Health Study found that a 
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substantial percentage of girls had intakes below the estimated average requirement for 
vitamin E (81.2% to 99.0%), magnesium (24.0% to 94.5%), and folate (46.0% to 87.3%) 
and that intakes of vitamins A, D, and C; calcium; and magnesium decreased as girls 
aged.  Additionally, there was an increasing proportion with intakes below the EAR for 
vitamins A, C, B-6, and B-12 as the girls aged.  Overall, these studies may suggest that in 
addition to fatty and sugary foods contributing excessive amounts of fat, sugar and 
calories to diets, they may also displace healthier foods, namely, fruits, vegetables, and 
low-fat dairy products and the nutrients they contain.    
Impact of Poor Nutrition
Poor compliance to health recommendations such as those found in the US 
Department of Agriculture's publication of MyPyramid (55) may be taking a toll on the 
nation’s overall health.  In general, the recommendations in MyPyramid are consistent 
with recommendations to control obesity and diabetes, heart disease and stroke, 
hypertension, cancer, and osteoporosis as proposed by the Dietary Approaches to Stop 
Hypertension Eating Plan, the American Heart Association, the American Cancer 
Society, the Clinical Guidelines on Overweight and Obesity, the American Diabetes 
Association, the National Cholesterol Education Program, the National Committee on 
High Blood Pressure, and the American Institute for Cancer Research (73).  Despite this 
wide agreement on dietary recommendations, which encourage high intakes of fruits, 
vegetables, whole grains, and low-fat dairy products and low intakes of saturated and 
trans fats and sugar, Americans continue to struggle following the guidelines and many 
may be suffering negative health consequences due to their dietary decisions. 
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Research has focused heavily on trying to define various proposed relationships 
between diet and health.  Kant’s (74) review of literature on dietary patterns in relation to 
health outcome found that dietary patterns characterized by fruit, vegetable, whole grain, 
fish, and poultry consumption generally were reported to relate to improved levels of 
selected biomarkers measuring disease risk and that an inverse association between 
healthful dietary patterns and all-cause mortality and cardiovascular disease risk is 
reported in most studies. 
A study of over 3,000 people in Greece concluded that a dietary pattern including 
cereals, fish, legumes, vegetables, and fruits was independently associated with reduced 
levels of clinical and biological markers linked to the metabolic syndrome, whereas meat 
and alcohol intake showed opposite results (75).  According to a review by Fernandez et 
al. (76), foods associated with a low risk of cancer are those typically included in the 
Mediterranean diet, which includes increased consumption of fruits, vegetables, cereals, 
whole-grain foods and fish, and reduced intake of refined carbohydrates and red meat.  A 
US study of 1265 adults concluded that among women, intakes of fruits, vegetables and 
dairy products were inversely associated with blood pressure, body mass index, and waist 
circumference (77).  
Many more studies show similar associations between dietary patters and weight 
status as well as body composition.  Newby et al. (78) identified a consistent dietary 
pattern characterized by reduced-fat dairy products, cereals, and fruit that was 
significantly and inversely associated with an annual change in body mass index among 
women and waist circumference in both men and women.  A 6-year follow-up study of 
248 volunteers found that a self-reported decrease in the consumption of food in the fat 
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group or an increase in consumption in the fruit group predicted a lower increase in 
body weight and adiposity indicators over time (79).  Additionally, increases in the 
consumption of whole fruit as well as skimmed milk and partly skimmed milk negatively 
correlated with changes in body weight, percent body fat, subcutaneous skinfold 
thicknesses, and waist circumference measurements (79).  Overall, it seems research is 
supportive of national recommendations that discourage high-fat and high-sugar foods 
and promote fruits, vegetables, and low fat dairy products.
Of particular interest in many research projects are fruits and vegetables (FV), which 
are generally well-accepted components of a healthy dietary pattern.  More specifically, 
diets high in FV are associated with a decreased risk of chronic disease (56) and may also 
be helpful for weight management due to their low energy density (80).  According to the 
Melbourne Collaborative Cohort Study (81), which included more than 40,000 
volunteers, vegetable and fresh fruit intakes were inversely associated with 
cardiovascular disease mortality among people without prior cardiovascular disease.  A 
meta-analysis of cohort studies (82), which included 12 studies and 278,459 individuals 
with a median follow-up of 11 years demonstrated that increased consumption of FV 
from fewer than 3 to more than 5 servings per day was associated with a 17% reduction 
in coronary heart disease risk.  A review of 250 observational studies on cancer and 
cardiovascular disease estimated that in the Netherlands cancer incidence could be 
reduced by 19% and that cardiovascular deaths could be reduced by 16% with adequate 
increases in FV consumption (83).  Although some research shows less dramatic 
associations or ignores some significant potential confounding variables (84), overall it 
seems an increased intake of FV may be helpful for many people.
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In addition to the negative health implications related to food intakes, research is 
also supportive of links between specific micronutrient intakes and health.  Wengreen et 
al.’s study (85), which utilized data from the Cache County Study on Memory and Aging 
in Utah showed that high intakes of vitamin C, vitamin E, and carotene may delay 
cognitive decline in the elderly.  Kimmons et al. (86), which analyzed data from the 
1988-1994 NHANES to examine the association between body mass index and 
micronutrient status, including serum levels of total carotenoids, alpha-carotene, beta-
carotene, beta-cryptoxanthin, lutein/zeaxanthin, lycopene, vitamin E, vitamin C, 
selenium, vitamin A, vitamin D, folate, vitamin B12, and red blood cell folate found that 
overweight and obese adults had higher odds of low levels for many of these nutrients 
compared with normal-weight adults (86).  Although it is currently unknown whether 
these deficiencies are due to insufficient dietary intake, altered metabolic processes, or 
both (86).  Therefore, interventions aimed at improving dietary intakes of nutrients as 
well as reducing overweight seem appropriate for all ages.
Although children may not immediately suffer from all of the same chronic diseases 
and weight gains as adults, childhood eating patterns can still have long-term health 
effects.   For example, although heart disease generally does not become symptomatic 
until adulthood, risk factors associated with coronary artery and hypertensive 
cardiovascular disease may develop during childhood (87-91) and these risk factors are 
related to dietary habits (92-95).  More specifically, Martin et al.’s study (96) of 
childhood diets found that vegetable-rich diets may be associated with a reduced risk of 
coronary heart disease as well as diabetes.  
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In addition to current dietary habits impacting chronic disease risk, the odds of 
dietary habits continuing into adulthood are high, which means that poor diets in 
childhood may likely also be observed in adulthood and further increase an individual’s 
risk for disease.  Several longitudinal studies have examined the nutrient intakes of 
children and compared them with intakes in subsequent years to determine whether 
nutrient intakes tracked over time (97-98).  One study found that of preschool children 
consuming the highest percentage of energy from fat, 57% continued to be high 
consumers at age 5 to 6 years, and, of those children, 53% remained high consumers at 
age 7 to 8 years (98).  Another study indicated that children’s food choices tracked from 
sixth to twelfth grade (99).  A study of elderly adults found that the frequency of milk 
consumption during childhood was the strongest predictor of current milk intake (100). 
Overall, improving diets of young children may lead to better food and nutrient intakes 
currently and into adulthood, which may lead to a decreased risk of some health diseases. 
Interventions and Solutions
Nutrient Density
Energy imbalance is at the heart of the obesity problem in the US.  Preventing energy 
imbalance requires simultaneous focus on calorie control and nutrient adequacy.  In other 
words, there is a demand for nutrient density, which means replacing the current energy-
dense diets, which are high in calories and low in nutrients, with nutrient-dense diets, 
which are low in calories and high in nutrients.  
Nutrient density is a measure of the nutrients a food provides relative to the energy it 
provides.  The more nutrients and the fewer calories a food contains, the higher the 
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nutrient density (101).  For example, a nutrient-dense diet high in fruits, vegetables, 
low-fat dairy products, and whole grains will provide fewer calories and more vitamins 
and minerals than an energy-dense diet high in chips, soda, and other high-fat foods.  As 
a result of a nutrient-dense diet being high in vitamins and minerals and low in calories, it 
promotes both nutritional adequacy and calorie control and may be one solution to the 
issue of overconsumption of calories and underconsumption of nutrients in the US.  
It is important to emphasize that one major aspect of a nutrient-dense diet is 
minimizing energy-dense foods, as opposed to only encouraging nutrient-dense foods.  In 
addition to an increased consumption of nutrient-dense foods, it is also critical to 
consume fewer energy-dense foods, which are foods that contribute energy or calories 
but may lack nutrients such as protein, vitamins, and minerals.  However, the mere 
consumption of nutrient-dense foods may promote a decreased consumption of energy-
dense foods.  According to a study of US children and adolescents, the strongest 
independent negative predictor of the reported number of energy-dense foods was the 
amount of nutrient-dense foods consumed from the 5 major food groups (77).  In other 
words, students who consumed more nutrient-dense foods were also more likely to 
consume fewer energy-dense foods, which fulfilled both aspects of a nutrient-dense diet 
(102).
Since nutrient-dense diets promote calorie control and nutritional adequacy, they can 
be very helpful for weight management.  The lower total energy intakes and higher 
volumes of food that characterize a nutrient-dense diet aids people in consuming fewer 
calories overall without having to feel hungry due to small volumes of food (103).  One 
study of 97 obese women over a 1-year period concluded that reducing dietary energy 
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density, particularly by combining increased fruit and vegetable intakes with decreased 
fat intake, was an effective strategy for managing body weight while controlling hunger 
(104).  Providing further support to the ability of nutrient-dense diets to promote a 
healthy weight is a cross-sectional study of the US that found normal-weight persons had 
diets with a lower energy density than did obese persons (105). 
In addition to healthy weight management, nutrient-dense diets are also associated 
with improved diet quality.  A study of 7500 adults in the US found that compared with 
people who consumed energy-dense diets, those with nutrient-dense diets included a 
relatively high proportion of foods high in micronutrients and water and low in fat, such 
as fruits and vegetables (103). Subjects with a nutrient-dense diet also consumed fewer 
non-water beverages such as sweetened carbonated beverages and less fat (103).  They 
also had higher intakes of several important micronutrients, including vitamins A, C, and 
B6, folate, iron, calcium, and potassium (103).  
Fruits and vegetables are ideal examples of nutrient-dense foods.  They are high 
in many nutrients and fiber, low in energy, and may be helpful for weight management 
(80).  According to Ledikwe et al.’s (105) US study, people with a high fruit and 
vegetable intake had the most nutrient-dense diets and lowest prevalence of obesity.  Data 
from the 2005 BRFSS, which related FV intakes and overweight and obesity status, 
found that people who were not overweight or obese (i.e., body mass index [BMI] <25) 
had the highest prevalence of consuming fruit 2 or more times per day (36.0%), and 
obese people (BMI >30) had the lowest prevalence (28.1%) (67). Similar trends were 
observed for vegetable consumption (67).  People with a BMI less than 25 had the 
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highest prevalence of eating vegetables 3 or more times per day (28.9%), and 
overweight persons had the lowest prevalence (26.0%) (68).  
Similar to these findings among adults, research also supports the role of nutrient-
dense diets in achieving recommended nutrient intakes, healthy body weights and even 
improved school performance among children.  A study of 108 8- to 11-year-old Chilean 
girls demonstrated a significantly positive association between energy-dense diets and 
obesity (106).  An Australian study of 3007 children aged 2 to 18 years found that 
energy-dense, nutrient-poor foods contributed 47% total fat, 47% saturated fat, 54% 
sugar, and only 19% protein and 20-25% of selected micronutrients to the diet (107).  A 
Taiwanese study of 2,222 elementary school children in 2001-2002 found that 
unfavorable overall school performance was positively associated with unhealthful eating 
patterns, which included high intakes of low-quality, energy-dense foods such as sweets 
and fried foods and low intakes of dairy products and highly nutrient-dense foods such as 
vegetables, fruit, meat, fish, and eggs (108).  Overall, children with a greater number of 
unhealthful eating patterns were more at risk for unfavorable performance in school 
(108).  Thus, it seems appropriate to promote nutrient-dense diets, especially ones 
incorporating a wide variety of FV, to fight the overfed and undernourished trends.
Targeting Youth
Perhaps one solution to the problem of overweight and obesity is concentrating more 
heavily on interventions among youth.  A younger population may be able to develop 
healthier habits more readily, which in turn may prevent them from ever becoming 
overweight and obese.  Additionally, targeting youth is a way to provide them with 
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quality diets today as well as teach healthy dietary patterns that may be maintained into 
adulthood.  
If children do not receive effective interventions and develop appropriate lifestyle 
habits, they may be more likely to become overweight or obese and maintain their high 
weight into adulthood.  According to a follow-up study of participants in the 1985 
Australian Schools Health and Fitness Survey, the relative risk of becoming an obese 
adult was significantly greater for those who had been obese as children compared with 
those who had been a healthy weight (109).  Another Australian study, which was a 3-
year follow-up of 1438 children aged 5 to 10 years found similar results (110).  Not only 
did the prevalence of overweight (15.0 to 19.7%) and obesity (4.3 to 4.8%) increase, only 
3.8% of the overweight and obese cohort resolved to a healthy weight at the end of the 3-
year period (110).  For most children adiposity remained stable (84.8% remained in the 
same BMI category), and stability appeared to increase with age (110).  
The Bogalusa Heart Study (111), which was conducted in Louisiana from 1973 to 
1996, also found similar results.  The BMI of 841 subjects was calculated at childhood 
(9-11 years) and adulthood (19-35 years) and a total of 62% of the participants in the 
highest BMI quartile in childhood remained in the highest BMI quartile in young 
adulthood (111).  Additionally, from childhood to adulthood, the percentage of 
participants who were overweight increased from 25% to 58% and a total of 35% of the 
children shifted from normal weight in childhood to overweight in young adulthood 
(111).  In the US, an 8- to 12-year follow-up study of 314 children aged 8 to 15 years at 
baseline found that being in the upper one half of the normal weight range (i.e., BMI 
between the 50th and 84th percentiles for age and gender in childhood) was a good 
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predictor of becoming overweight as a young adult (112).  Children between the 50th 
and 74th percentiles of BMI were approximately 5 times more likely and those with a 
BMI between the 75th and 84th percentiles were up to 20 times more likely to become 
overweight as compared to those children with a BMI less than the 50th percentile (112). 
In addition to overweight and obesity, dietary habits of childhood are also often 
maintained into adulthood.  A 21-year follow-up study (n=1768, aged 3-18 years at 
baseline, n=1037 at follow-up), which was conducted in Finland, identified 2 patterns of 
eating among participants (113).  Pattern 1 was positively correlated with consumption of 
traditional Finnish foods, such as rye, potatoes, milk, butter, sausages and coffee, and 
negatively correlated with fruit, berries and dairy products other than milk (113).  Pattern 
2 was characterized by more health-conscious food choices such as vegetables, legumes 
and nuts, tea, rye, cheese and other dairy products, and also by consumption of alcoholic 
beverages (113).  Of the subjects originally belonging to the uppermost quintile of pattern 
1 and 2 scores, 41% and 38%, respectively, persisted in the same quintile 21 years later 
(113).  Another study, which used this same data, found that intakes of fat and vegetables 
in childhood were important health behavioral determinants of the quality of the adult 
diet (114).  The study concluded that childhood diet is a significant determinant of adult 
diet even after 21 years (114).  
Related to the importance of establishing healthy eating habits in youth is the idea 
that it may also be easier for a younger population to adopt healthier eating patterns. 
According to a study conducted in the United Kingdom of a hospital-based pediatric 
obesity service aimed at lifestyle modification, age was the most important predictor of 
larger reductions in body mass indices; younger children had the greatest reductions 
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(115).  Another study that conducted repeated evaluations among Swedish children 
aged 11 to 13 years also found age to be significantly and negatively related to healthy 
dietary habits (116).  
To further compound the issue of unhealthy diets and body weights among children 
and adolescents, health risks associated with obesity multiply in magnitude and severity 
when overweight status begins at a young age (22).  Field et al found that compared with 
boys who had a childhood BMI below the 75th percentile, boys between the 75th and 
85th percentiles of BMI as children were 4 times more likely and those at or above the 
85th percentile were 5 times more likely to become hypertensive (112). Eisenmann et 
al.’s study (117) of 860 males and 755 females aged 9-15 years from the Australian 
Schools Health and Fitness Survey found significant differences according to percent 
body fat and fitness for cardiovascular disease risk factors, including blood pressure, 
triglycerides, and cholesterol: a general trend of lower blood pressure values and overall 
cardiovascular disease risk factors for both males and females with lower body fats and 
higher fitness levels was observed.  
Thus, prevention strategies targeting children seem appropriate.  If young children 
can learn to develop healthy habits in their youth, big improvements may be realized in 
their health and productivity as adolescents and adults.  Since about 9 out of every 10 
students in kindergarten through grade twelve are enrolled in public schools, this is one 
place where interventions should be implemented (118).  In schools, students have the 
opportunity to make food decisions at school breakfast and lunch, learn about health in 
classrooms, and observe eating habits from their peers, teachers, and other school 
personnel.  Some ideas for nutritional improvements in schools include decreasing junk 
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food and increasing healthy food advertisements, improving school lunches, offering 
healthier a la carte options, teaching healthy living in classrooms, and increasing 
opportunities to be active.  According to the USDA, 
We have a responsibility to promote knowledge, attitudes and behaviors among 
our school children that will develop eating patterns that improve health, 
intellectual development, and overall quality of life, today and into the future.  To 
achieve this change, students, their parents and teachers, school officials, 
community and business leaders, and local, State, and Federal program 
administrators must be actively involved in ensuring that school environments 
promote healthy eating patterns.
It seems absolutely necessary and appropriate to make changes to improve the 
malnutrition of the nation, especially its youth.  Perhaps continuing to reach out to the 
youth will help them to make healthy decisions now and in the future, including the 
lifestyles they may teach their children someday.
Conclusion
The simultaneous occurrence of overweight and undernutrition is a significant 
problem in the US that continues to worsen.  Due to the significant health consequences 
of this form of malnutrition, it is important to consider effective ways to alleviate its 
prevalence, especially among children.  Schools are one place where interventions are 
currently taking place and should continue to be studied and improved.  Nutritional 
improvement may result via interventions that encourage children to consume more 
nutrient-dense foods, such as fruits and vegetables, and less energy-dense nutrient-poor 
foods, such as desserts, chips, and sodas.  School lunch menus must be planned in 
accordance with health recommendations and then evaluated and improved until they are 
well-accepted by a majority of students.  Perhaps this will help the youth of the nation to 
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understand and incorporate the components of a healthy diet into their lifestyles today 
and in the future.
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CHAPTER III
NEW FRUIT AND VEGETABLE OFFERINGS AND CHALLENGES
 INCREASED LUNCH-TIME FRUIT AND VEGETABLE 
CONSUMPTION AMONG FOURTH-GRADERS
Abstract
Facilitating nutritional improvement in schools is an important strategy for 
reversing the alarming trends of overweight and undernourishment currently observed 
among children in the United States.  Although a majority of people, including children, 
exceed their caloric intake recommendations as set forth by the United States Department 
of Agriculture, they fail to meet vitamin and mineral recommendations.  One contributing 
factor is a low intake of nutrient-dense foods, such as fruits and vegetables, and a high 
intake of energy-dense foods, such as soda, chips, and candy.  Many prior studies have 
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demonstrated that elementary students do not consume adequate levels of fruits and 
vegetables during school lunch, which should provide one-third of daily 
recommendations.  The objective of this study was to determine if school-based 
interventions can increase the amount of fruits and vegetables consumed by fourth-
graders who participate in the National School Lunch Program.  Three different 
interventions were implemented, 1 each month from February through May of 2007. The 
3 interventions included 1) a fruit and vegetable “challenge”; 2) offering a new variety of 
fruits and vegetables on the school food service fruit and vegetable bars; and 3) 
classroom nutrition education that included lessons on MyPyramid, fruits and vegetables, 
fitness, and healthy snacks.  Parental consent was obtained from the 75 fourth-grade 
students attending 1 Cache County School District elementary school.  To assess food 
intake of the study subjects, digital photographs of students’ school lunch trays were 
taken pre- and post-consumption and then analyzed to determine amounts of fruits and 
vegetables selected and consumed.  Differences in mean intake across time were 
examined and paired t-test analyses were used to assess if observed differences were 
statistically significant.  Compared to baseline intakes, the new variety intervention 
significantly increased mean fruit and vegetable consumption from 0.36 to 0.47 cups 
(p<0.001).  The “challenges” and education interventions were less effective. 
Additionally, mean fruit and vegetable intake achieved between 17% to 56% of minimum 
national recommendations on any given day.  Although offering new fruit and vegetable 
varieties may be difficult due to time and money constraints, the results were dramatic 
enough to encourage schools to continually strive to offer new varieties of fruits and 
vegetables.
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Introduction
The problem of obesity in the US is a difficult problem to address.  Even as 
research has increased our understanding of possible causes and negative implications of 
unhealthy lifestyles and noteworthy efforts to promote better habits have been developed 
and implemented, the problem prevails.  Thus, the search for a solution continues. 
Increasing consumption of FV, which are foods with a low energy density and high 
nutrient density, seems to be one possible target for obesity prevention efforts. 
With countless youth-based FV promotional programs (1) as well as national FV-
promotion programs, such as the 5 A Day campaign that encouraged people to consume 
at least 5 servings of FV daily, and its replacement program, the More Matters campaign, 
which simply encourages people to eat more FV in order to maintain a healthy weight 
and decrease risk for disease (2), many people likely recognize that FV are healthier 
choices than chips, soft drinks, and candy.  However, a sound knowledge of which foods 
are healthy choices often does not lead to consumption of those foods (3).  A study using 
data from the 1994-1996 Continuing Survey of Food Intakes by Individuals found that 
people with lower levels of education demonstrated no association with diet quality and 
nutrition knowledge and belief, although people with higher levels of education showed 
stronger associations (4).  A review of studies with interventions to increase FV intake 
among adults with follow-up periods of at least 3 months found consistent positive results 
involving face-to-face education and counseling (5).  A review of studies attempting to 
disseminate cancer control interventions that promoted healthy diets among adults found 
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the only beneficial strategy was the use of peer educators in the worksite, which led to 
a short-term increase in FV intake (6).  
Among children there is some evidence in support of nutrition education exhibiting 
positive results.  Blanchette’s and Brug’s review (7) of literature about potential 
determinants of FV intakes among 6- to 12-year old children found some evidence that 
knowledge of intake recommendations and FV classroom curriculum and education via 
computer multi-media channels had positive associations with FV intakes, although they 
were not primary determinants of FV intake.  Another study investigating the effects of a 
12-week garden-based nutrition education program among sixth-graders resulted in 
increased FV consumption as well as intakes of vitamin A, vitamin C, and fiber (8).  A 
study among children aged 4-12 years found that a program consisting of classroom 
curriculum as well as parental involvement was effective in increasing children's fruit, 
juice and vegetable intake, although it was not as effective as a free FV distribution 
program (9).  A study among 278 middle school students in 5 schools observed increased 
frequencies of FV intake following a 24-session curriculum professing to help students 
develop understandings about the interactions between biology, personal behavior, and 
the environment and personal agency through cognitive self-regulation skills in 
navigating today's complex food system and sedentary environment (10).  A 12-week 
after school program among 56 children that utilized 5 A Day for Better Health 
educational resource materials and activities effectively increased fruit juice, salad, and 
non-fried potato consumption (11).  Kalina and Arnold’s (12) study of the impact of 
educational nutrition posters in the lunchroom found that posters displaying specific, 
simple, positive messages with appealing, colorful graphics about increasing fruit and 
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vegetable consumption significantly increased FV intake by 37% between baseline and 
midpoint, while posters displaying more general messages (i.e., breakfast, healthy 
snacking), which incorporated fruits and vegetables among other foods through 
appealing, colorful graphics resulted in no significant difference in fruit or vegetable 
consumption. 
In addition to education impacting FV intakes, a plethora of research supports that FV 
availability, accessibility, and exposure also influence intake, perhaps even more than any 
other factors.  A study among children aged 4-12 years found that a free FV distribution 
program, which increased availability, accessibility and exposure, was effective in 
increasing fruit, juice and vegetable intake among the youngest and the oldest, but not 
middle age groups involved in the study (9).  Fogarty et al. (13) found similar results in a 
3-year study of the impact of The National Schools Fruit Scheme (NSFS), which 
provides free daily fruit at school, however, fruit consumption only increased while the 
free fruit was offered and intake fell when the program ceased.  
Jago et al.’s review (14) of studies examining associations between FV availability 
and consumption also found that greater availability was associated with greater 
consumption among children and adults.  In their findings, it appeared that availability 
was associated with dietary psychosocial variables such as preferences and that 
intervention studies attempting to increase availability resulted in increased consumption. 
Jago et al suggested that the visual cues of available food may stimulate consumption 
and/or available food exposure may increase preference, which leads to increased 
consumption.  
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Blanchette’s and Brug’s review (7) of literature about potential determinants of FV 
intakes among 6- to 12-year-old children also supports an association between FV 
consumption and availability and accessibility as well as taste preferences.  Another 
study of nearly 4000 adolescents from 31 public middle and high schools in Minnesota 
found that the strongest correlates of FV intake were taste preferences and home 
availability of FV, although even when taste preferences for FV were low, intake still 
increased if FV were available (15).  A study of 12 focus groups with 92 10- and 11-year-
old children also identified taste preferences and home and school availability of FV as 
important environmental determinants of FV consumption (16).  An exploratory study of 
1227 African American women found that estimates of their vegetable intake as children 
were significantly related to exposure and preference for FV as well as trying of new 
foods (17).  Also supportive of the ability of exposure to influence intakes are 2 studies in 
which mothers used exposure techniques to increase children's acceptance of vegetables 
and a school-based study where large increases in liking and intake of raw red pepper 
were seen among 5 to 7 year olds following increased exposure (18).
In addition to the importance of environmental factors such as accessibility, 
availability, and exposure, research is also supportive of the impact food served from the 
NSLP, school snack bars or a la carte, and vending machines has on FV intakes. 
Blanchette’s and Brug’s review (7) of literature about potential determinants of FV 
intakes among 6- to 12-year-old children demonstrated that having a snack bar at school 
was associated with lower FV intakes.  A study examining dietary behaviors among 598 
seventh-graders’ in 16 schools concluded that a la carte availability was inversely 
associated with fruit and combined FV consumption, snack vending machines were 
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negatively correlated with fruit consumption, and fried potatoes' being served at school 
lunch was positively associated with vegetable and combined FV intakes because fried 
potatoes were counted as a vegetable (19).  A study comparing lunch fruit, juice, and 
vegetable intakes of 312 fourth-grade students who received only NSLP meals and 282 
fifth-grade students who also had access to a school snack bar found that fourth-graders 
consumed significantly more fruits, juices, and vegetables (0.80 serving) than fifth-
graders (0.60 serving). Additionally, fifth-graders who ate only snack bar meals 
consumed significantly less total fruits, juices, and vegetables (0.40 serving) than fifth-
grade students who ate school lunch meals (0.82 serving) (20).
Various encouragement-related interventions, including encouraging implementation 
intentions (21-22), have also been associated with increased FV consumption (23).  A 
study among fourth-graders found that goal setting was related to increases in fruit, 
100%-juice and vegetable consumption (24).  The Cafeteria Power Plus project, which 
observed the lunches of 1668 first- and third-grade students in 26 schools concluded that 
verbal encouragement by food-service staff was associated with FV intakes (25).  
A study among 749 children aged 5 to 11 years that evaluated a rewards-based 
intervention, which also had a peer-modeling component, found that lunchtime and home 
consumption of FV increased substantially, especially among students who initially ate 
very little FV (26).  A study among 188 school children demonstrated that token 
reinforcement, which consisted of punching holes into nametags when children ate their 
assigned foods and then allowing children to trade these tokens for small prizes, led to 
increases in FV consumption, however these increases were not maintained at a 7-month 
follow-up when the token reinforcement was no longer occurring (27).
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Overall, research is very supportive of the ability of multi-component interventions 
to have the greatest influences on FV intakes (3, 5, 28).  A review of literature on the 
school food environment with a focus on identifying effective strategies to promote FV 
consumption among youth in school settings found that multi-component school 
interventions, such as a combination of classroom-based educational/behavioral curricula, 
food service/cafeteria interventions, parent outreach interventions, and community 
intervention components, were effective in increasing fruit intake, with reported increases 
in consumption between 0.2 to 0.6 servings per day (29).  However, impact on vegetable 
intake was less effective, with increases ranging from 0 to 0.3 servings per day (29).  
A multi-component intervention program among 6 to 7 and 10 to 11 year olds that 
increased the provision of FV in schools, developed and utilized curriculum materials, 
and provided a range of point-of-purchase marketing materials, newsletters for children 
and parents, and teacher information effectively increased fruit but not vegetable 
consumption, even though taste preferences for FV were unchanged (30).  
An intervention among 1472 10- to 11-year-old children from 62 schools in Norway, 
the Netherlands and Spain that combined a FV curriculum with efforts to improve FV 
availability at schools and at home demonstrated a 20% higher FV intake at a 1-year 
follow-up in the total sample (31). However, at the 2-year follow-up, a significant impact 
was only observed in Norwegian schools, which were the schools where the interventions 
were best implemented (31).  
Birnbaum et al.’s (32) analysis of the Teens Eating for Energy and Nutrition at 
School intervention revealed that greater levels of exposure to the program led to greater 
intakes of FV, with students receiving interventions from peer leaders, the classroom, and 
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the school environment reporting the largest increases in FV consumption, followed by 
students exposed to classroom and environment interventions only, and then students 
exposed only to school environment interventions who actually showed trends toward 
declining fruit intake and no change in vegetable intake.  
An intervention consisting of behavioral curricula in classrooms, parental 
involvement, school food service changes, and industry support and involvement in 20 
elementary schools in Minnesota led to increased lunchtime fruit consumption (33).  The 
Cafeteria Power Plus project, which involved a cafeteria-based intervention, including 
increasing the availability, attractiveness, and encouragement for FV, and special events 
(kick-offs, samplings, challenge weeks, theater production, and finale meal), significantly 
increased the fruit consumption of first- and third-grade students (25).  
In light of this research, it seems appropriate that interventions to increase FV 
consumption include as many components as is practical, with an emphasis on long-term 
education, FV availability and exposure, rewards-based strategies, and eliminating or 
modifying the offerings in school snack bars and vending machines.
The objective of this study is to further contribute to the growing body of research 
trying to identify effective strategies and interventions to increase school lunch FV 
consumption among children by implementing 3 interventions including a rewards-based 
intervention, offering new varieties of FV, and classroom nutrition curriculum.  
Subjects and Methods
Study Participants
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All protocols and procedures were reviewed and approved by the Utah State 
University Institutional Review Board and the Cache County School District to ensure 
protection of participants.  The participant schools were selected by solicitation to all 
Cache County School District Food Service Managers via a presentation on the proposed 
interventions and evaluation methods during one of their monthly manager’s meetings. 
Following the presentation, the managers responded to a questionnaire regarding their 
interest in participation.  Principals of all schools with food service managers willing to 
participate were asked for their approval of the interventions and study to take place in 
their schools.  As a result of these procedures, 1 school was selected to participate in the 
study.  
All fourth-grade students at the selected school were invited to participate in the 
study.  Letters of information were sent home with all students allowing them and/or their 
parents to opt not to participate in the study without penalty if they chose to do so. 
However, all students (n=75) chose to participate.
The study population was 91% non-Hispanic white and 53% female Table 1 
provides information on other demographics.  Socioeconomic status was categorized 
based upon whether students received free, reduced or regular priced school lunch, which 
is determined by the US Department of Agriculture’s publication of Income Eligibility 
Guidelines (34).  These guidelines are based on the Federal income poverty guidelines 
and are intended to directly benefit children most in need and are revised annually to 
account for changes in the Consumer Price Index.  For the period from July 1, 2006 to 
June 30, 2007, guidelines for free and reduced price meals were obtained by multiplying 
the year 2006 Federal income poverty guidelines by 1.30 and 1.85, respectively.  Among 
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study participants, 68% received regular-priced lunch, 14% received reduced lunch, 
and 18% received free lunch.  
 Methods
All data collection occurred when the pre-selected school menu included a FV bar 
and either cubed turkey and fried steak entrée choices, which was classified as “Menu 
One,” or chicken noodle soup and taco salad entrée choices, which was classified as 
“Menu Two.”  Table 2 lists the FV available on each day.  Data were collected from 
students who were present at school and chose to consume school lunch on the specific 
days of data collection.  The percentage of students providing information on any given 
day of data collection ranged from 69% (n=52) to 93% (n=70).  Forty-four percent 
(n=33) of students had their lunch trays analyzed on all 9 days of data collection.  In 
addition to analyses performed on all data collected, analyses were also performed on a 
subset of data, which excluded children who did not have both baseline and specified 
post-intervention trays available so that paired differences could be calculated.   
Data Collection
A visual plate waste study was implemented to assess the food choices and 
consumption levels among fourth-graders.  Five waves of data collection were conducted 
during the spring 2007 school semester, which corresponded with various interventions 
aimed at increasing FV intakes. Each student evaluated was randomly assigned an 
identification number by the school district.  As the students exited the serving lines, a 
digital photograph was taken of the food selections made by that student as well as the 
identification number, which was placed on the participant’s tray.  The student was not 
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included in the photograph in order to maintain confidentiality.  When each 
participating student was finished eating and approached the area to dispose of his or her 
tray contents, a second photograph of all remaining food on the tray was taken.  Milk was 
measured and a number corresponding to the percent consumption was placed on the tray 
in order to be observable in the photograph.  Students were offered a small incentive such 
as a sticker, eraser, or pencil after the second photograph was taken.
Trained observers assessed waste by viewing the photographs and using a 6-point 
rating scale to indicate consumption.  For foods served from the FV bars, where students 
were permitted to take as much or little as desired, consumption was visually estimated to 
the nearest quarter cup for each food selected.  For mashed potatoes, which were served 
in one-fourth cup portions from the serving line during Menu One, consumption was 
visually measured and assigned zero to 100% in 20% increments.  All food was assessed 
by at least 2 trained observers, 1 of which was the same observer for all data to maintain 
consistency.  Any discrepancies were reassessed by a third trained observer.  The mode 
observation was used if 2 of the 3 observations were the same.  The mean, rounded to the 
nearest interval on the corresponding rating scale, was used if all 3 observations were 
different.  There was an exact agreement between the first 2 observers 86% of the time. 
However, when excluding data where zero FV were consumed, the exact agreement rate 
dropped to 62%.  Using this same data subset, but broadening the agreement criteria to 
include estimates within one-quater cup (or 20% for the mashed potatoes), as opposed to 
only including estimates that were exactly the same, the agreement rate increased to 88%.
To compare consumption to national recommendations, the number of total FV 
servings consumed was calculated.  Serving size parameters were reflective of those 
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recommended by the USDA’s publication of MyPyramid for 10-year olds who are 
active for 30 to 60 minutes most days of the week. 
Interventions
The interventions implemented included FV Challenges, offering a new variety of 
FV during school lunch, and classroom education.  The FV Challenge, which is a free 
resource available through Team Nutrition, encouraged students to increase their FV 
intakes by allowing students to mark on a dry erase poster chart each day they consumed 
fruits or vegetables.  Classroom teachers introduced the FV Challenges in each of the 3 
classrooms and whichever classroom had the most markings at the end of the intervention 
period received an extra recess.
During the new FV variety intervention, Macey’s Grocery Store donated bananas, 
kiwifruit, grapes, and pineapple, which were served on the FV bars in addition to the 
other typical FV offerings during school lunch and students were permitted to take as 
much or little as desired.
The classroom education intervention consisted of four 45–minute lessons that 
were planned and implemented by Utah State University Dietetic Students (see 
Appendix).  Lesson topics included Healthy Snacking, Fitness, Fruits and Vegetables, 
and MyPyramid and were interactive with at least 1 activity included.  Additionally, 
lessons were designed in a way as to be easily implemented by classroom teachers or 
others without a nutrition education background.
Statistical Analysis
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Descriptive analyses, including means and standard deviations, were used to 
examine the food consumption choices of subjects.  Paired student t-tests were calculated 
for FV intake, percent FV waste, and percent of students consuming at least some FV 
from the FV bars.   Means that included all available data, as opposed to paired t-test 
means, were used to compare FV intakes to national recommendations as well as to 
assess consumption and waste of each FV individually.  SPSS (SPSS, Chicago, IL, USA) 
and SAS (SAS Institute, Cary, NC, USA) software packages were used for data analysis. 
Bonferroni adjustments were made to p-values to adjust for multiple comparisons. Using 
this adjustment, p-values < 0.02 were considered statistically significant (alpha = 0.05/3).
Results
To assess the effectiveness of each intervention, FV consumption was measured 
during each intervention and then compared to baseline consumption levels.  Paired t-
tests were used to calculate differences in mean FV intakes on corresponding menu days 
during baseline and each subsequent intervention.  Table 3 shows consumption levels at 
baseline and during each subsequent intervention.  
Fruit and Vegetable Challenge Intervention
Mixed results were observed during the FV Challenges (see table 3).  During the 
first FV Challenge mean FV intake nearly doubled from 0.12 to 0.23 cups during Menu 
One (p-value=0.014).  However, FV intake only increased slightly during Menu Two 
from 0.25 to 0.26 cups, a difference which was not statistically significant (p-value= 
0.824).  An average of the 2 menu days showed an increase from 0.19 to 0.25 cups, a 
difference which was not statistically significant (p-value=0.12).    During the second FV 
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Challenge, mean FV intake increased from 0.13 to 0.21 cups during Menu One, a 
difference which approached statistical significance (p-value =0.057).  Data were not 
available for Menu Two.
Mixed results were also observed for the FV Challenges impact on the number of 
students who chose to consume any FV from the FV bars (see table 4).  The first FV 
Challenge significantly increased the percentage of students who consumed FV from the 
FV bar from 25% to 54% during Menu One (p-value=0.001).  However, no similar 
difference was observed during Menu Two (p-value =0.411).  An average of the 2 menu 
days showed an increase from 39% to 49% (p-value=0.088).  During the second FV 
Challenge, an increase from 26% to 43% was observed during Menu One (p-
value=0.038).  Menu Two data were not available.
Since classroom teachers were responsible for implementing the FV challenges in 
their own classrooms, it was appropriate to subcategorize the data by class for some 
analyses (see table 5).   During the first FV challenge, FV consumption during Menu One 
increased significantly from 0.10 to 0.36 cups in classroom 1 (p-value=0.002); no similar 
differences were observed among students in classrooms 2 and 3. NOTE: reader can look 
to table 5 for details about these results which did not reach statistical significance. 
Surprisingly, during Menu Two, small decreases in FV consumption in classrooms 1 and 
2 and a small increase in classroom 3 were observed, although these differences did not 
reach statistical significance. During the second FV challenge, FV consumption increased 
from 0.13 to 0.27 among students in classroom 2 (p-value =0.045); no similar differences 
were observed among students from classroom 1 or 3. During Menu Two, when an 
intervention was implemented by only classroom 3,  FV intake increased from 0.22 to 
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0.49 cups in classroom 1 (p-value=0.043), and from 0.22 to 0.60 in classroom 3 (p-
value=0.021); no similar differences were observed among students from classroom 2. 
New Variety Intervention
The variety intervention led to consistently significant increases in FV 
consumption (see table 3).  Mean FV intake increased from 0.12 to 0.48 cups during 
Menu One and from 0.25 to 0.72 cups during Menu Two (p-value<0.001).  An average of 
the 2 menu days also showed a highly significant increase from 0.19 to 0.62 cups (p-
value<0.001).    
The variety intervention also significantly increased the percentage of students 
who chose to consume any FV from the FV bars (p-value<0.001) (see table 4).  During 
Menu One, the percentage of students consuming any FV from the FV bar increased from 
25% to 75% (p-value<0.001).  During Menu Two, the increase was from 50% to 90% of 
students (p-value<0.001).  When the 2 menu days were averaged together, an increase of 
37% to 85% of students consuming FV from the FV bar was observed (p-value<0.001). 
Education Intervention
The education intervention did not lead to significant increases in FV 
consumption (see table 3).  Only moderate increases which did not reach statistical 
significance in intake and percentage of students consuming any FV were observed (see 
table 4).  Data were not available for Menu Two.
Comparison to National Recommendations
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Mean FV consumption levels did not meet minimum recommendations as set 
forth by the US Department of Agriculture’s publication of MyPyramid (see table 6).  For 
a 10-year old, which is the mean age of study participants, who is active for 30 to 60 
minutes most days of the week, MyPyramid recommends consuming 4 cups of FV per 
day (35).  Since the National School Lunch Program requires that school lunches provide 
at least one-third of calorie recommendations as well as other select nutrients, school 
lunches should also be providing at least one-third of the recommendations for FV (36). 
Therefore, mean consumption of FV among all participants was compared to one-third of 
the recommendation set forth by MyPyramid, which is one and one-third cups.  It is 
appropriate to note that on during Menu One mashed potatoes were also served and this 
intake was included in the total FV consumption.  During Menu Two, the taco salad 
entrée had a small amount of iceberg lettuce (<1/4 cup) that was not included in total FV 
intake and the chicken noodle soup entrée had a negligible amount of carrots (<1/8 cup 
per serving) that was not included in total FV consumption.  
Data from all waves of data collection showed that students achieved between 
17% and 56% of national recommendations (see table 6).  The highest percentage was 
consumed during the new variety interventions (56% and 49%).  Among FV consumers 
only, which was defined as any student who consumed at least some FV from the FV 
bars, average consumption ranged from 0.47 to 0.84 cups, which is equivalent to 35% to 
63% of MyPyramid recommendations (table 6).  
Individual Fruit and Vegetable
Consumption and Waste
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 FV waste was measured as the percentage of food taken from the FV bar that 
was not consumed.  Paired t-tests were used to compare FV waste between baseline and 
each intervention (table 7).  Compared to baseline waste, significantly more waste was 
observed during 4 of 6 intervention data collections days, including both days of the new 
variety intervention and 2 of the 3 FV Challenge days.
To analyze mean consumption and waste of each FV individually, data from all 
students on all days of data collection were used regardless of whether they consumed 
any FV or were present on both the baseline and intervention day (see figure 1). 
Compared to all FV offered on the FV bars, mean consumption of grapes was the highest 
(0.40 cups), followed in descending order by bananas (0.19 cups), kiwi, (0.15 cups), 
pineapple (0.15 cups), peaches (0.12 cups), mixed greens (0.11 cups), applesauce (0.09 
cups), pears (0.07 cups), oranges (0.06 cups), carrots (0.05 cups), mixed fruit (0.04 cups), 
cauliflower (0.02), and broccoli (0.01 cups).   The highest percentage of waste was seen 
with carrots (25%), which was followed in descending order by grapes (23%), oranges 
(22%), pineapple (19%), kiwi (16%), peaches (13%), applesauce (13%), broccoli (13%), 
mixed fruit (13%), bananas (10%), pears (8%), mixed greens (6%), and then cauliflower 
(0%). 
Analysis of consumption and waste of mashed potatoes, which were served from 
the serving line as opposed to from the FV bars, is also in included in figure 1.  During 
Menu One, each student received one-fourth of a cup of mashed potatoes.  Mean 
consumption of the potatoes was 0.20 cups (SD=0.09) and mean waste was 19%.  This 
placed mashed potatoes as the second highest for consumption and fourth highest for 
waste.
97
  
Discussion
FV consumption among fourth-graders at 1 elementary school in the Cache 
County School District was found to be low according to national recommendations and 
positively influenced by offering new varieties of FV and possibly by engaging in FV 
Challenges, but not by classroom education.  
Although FV intakes varied with different interventions, students never met 
minimum national recommendations for FV.  Even at their best, students were barely 
achieving half of recommendations, which here are defined as one-third of daily 
MyPyramid recommendations.  This is consistent with other research among children, 
adolescents, and adults demonstrating that FV intakes are below recommendations 
(37-43).
Such low intakes raise concern because overall, research is supportive of national 
recommendations that promote high intakes of FV.  Studies have linked inadequate 
intakes of FV to lower intakes of vitamins and minerals (44), an increased risk of chronic 
diseases (45-50), and less healthy body weight and composition (51-54).  Thus, it seems 
appropriate that interventions aimed at improving dietary habits, including increasing FV 
consumption, continue.
Team Nutrition is an example of one national program encouraging healthier 
eating in schools (55).  Some resources it provides include ways to improve school 
foodservice menus, activities to make healthy eating fun, and nutrition curriculum.  The 
different TN strategies implemented in this study, namely the FV Challenges, certain 
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aspects of their nutrition curriculum, and enhancement of lunch menus by increasing 
variety, varied in their ability to increase FV consumption among fourth-graders.
The most effective method to increase FV consumption was to offer new varieties of 
FV.  This led to consistently significant increases in FV consumption on all measured 
days.  This finding agrees with other research demonstrating that variety is a good 
predictor of FV consumption (56) and student satisfaction (3, 57) with school lunch. 
Also related is research linking FV consumption to FV availability, accessibility, and 
exposure (7, 9, 13-18).  Thus, making a variety of acceptable FV available and accessible 
to students may be a key component to achieving adequate FV intakes. 
The FV Challenges, which rewarded students for consuming FV during lunch, 
showed inconsistent results.  Out of 3 days that were measured, 1 showed a significant 
increase in FV consumption, 1 day approached a significant increase, and 1 day showed a 
highly insignificant increase.  This is consistent with other research where 
encouragement-related interventions (21-23), including goal-setting (24), rewards-based 
interventions (3, 26-27, 58-59), and verbal encouragement by food-service staff (25) were 
associated with increased FV intakes.  
One possible explanation for the wide variety of FV intake during these 
challenges may be the large role that teachers played.  Teachers may have introduced the 
challenges with different levels of enthusiasm, which then influenced how serious and 
excited the students were about participating in the challenge.  A study in 3 Cretan 
primary schools attempting to identify best teaching practices as they related to 
introducing principles of a Mediterranean diet to children through nutrition education 
discovered that individual teacher willingness and teaching skills were mainly 
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responsible for the quality of teaching and that changes in pupils' knowledge and 
recall of the course were related to teacher enthusiasm (60).  Thus, effective nutrition 
interventions may require innovative, enthusiastic and highly motivated teachers.
The education intervention, during which students received weekly nutrition 
lessons regarding healthy snacks, physical activity, fruits and vegetables, and 
MyPyramid, showed no significant improvements in FV consumption.  Other research 
relating education to FV consumption levels is mixed.  Some education efforts have been 
positively associated with modest improvements (7-8, 30) in FV consumption and some 
show insignificant or no increases in FV consumption (30, 61).  Overall, some research 
supports that while knowledge is generally improved with education, it is much more 
difficult to influence behavior, and that more comprehensive interventions may be 
necessary to induce change (3).  This may be related to the nation’s “obesogenic” 
environment in which youth are surrounded with high-calorie foods and insufficient 
healthy and appealing foods, such as FV, making it difficult to maintain healthy eating 
patterns regardless of nutritional knowledge.  
In light of the FV challenges showing mixed but positive results, the new variety 
intervention showing strongly positive results, and the education intervention showing no 
impact on FV consumption, it seems appropriate to recommend that the most effective 
way to increase FV consumption is through continually making available new varieties of 
FV.  Continually involving students in FV challenges may also be helpful.  When 
comparing the results of this research to the current body of literature, it seems that to 
effectively increase FV consumption, interventions should be long-term, improve the 
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availability of well-liked FV, and be multi-component by incorporating many 
different avenues to reach children. 
Another effective way to improve FV intakes as well as ensure that menus 
provide students with their intended nutrients is to test menu performance.  Results from 
this study showed highly variable intakes and waste of the different FV offered.  The FV 
bar selections that students consumed in highest quantities, namely grapes, bananas, 
pineapple, and kiwi, were all new offerings during the new variety intervention, which 
provides further support that new varieties support increased FV consumption.  
Of the FV offered more regularly, peaches were consumed in the highest amount, 
followed in descending order by mixed greens, applesauce, pears, oranges, carrots, mixed 
fruit, cauliflower, and then broccoli.  Mashed potatoes, which were served from the 
serving line as opposed to from FV bars were consumed in even greater amounts than all 
of the above FV.  Schools should be made aware of their students’ preferences so that the 
well-accepted foods can be offered more often and other foods can be replaced or 
prepared differently. Of the 9 menu days that were assessed, peaches were offered on 4 
days, mixed greens on 1 day, applesauce on 4 days, pears on 4 days, oranges on 1 day, 
carrots on 7 days, mixed fruit on 3 days, cauliflower on 1 day, and broccoli on 2 days. 
Mashed potatoes were always offered during Menu One, which was 5 of the 9 days, and 
led to higher total FV intakes when compared to days not offering mashed potatoes.  In 
light of these results, the most obvious changes that may improve FV consumption at this 
school would be replacing the carrots with a better accepted item and offering mixed 
greens more often.  Additionally, it may be beneficial to assess other FV offerings in the 
serving line and then make appropriate changes.  Although the acceptance of various FV 
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was similar to what has been observed in other studies (62-64), it seems assessing FV 
consumption patterns of schools via plate waste studies and then modifying the menu to 
achieve maximum intakes is a good way to achieve more acceptable FV offerings.  
Since cost is also an issue with school lunch, FV waste should also be addressed. 
Unfortunately, significant increases in waste were observed during the new variety 
intervention and some of the FV Challenges.  A possible explanation for waste increase 
during the new variety intervention may be that students had not been exposed to the FV 
very often, if ever.  As a result, they did not know how much they would eat and placed 
too much on their trays.   During the variety and FV Challenge interventions, waste may 
have increased because students who normally did not consume FV were encouraged to 
do so and were not conditioned to know how much they would eat.  This explanation 
coincides with the finding that 4 of the 5 days during these interventions had significant 
increases in the percentage of students who consumed at least some FV from the FV bars. 
Perhaps if the FV were offered more frequently and the FV Challenges occurred more 
often, more students would be better conditioned to only take what they would consume 
and waste would decrease.  In support of this theory is Adam et al’s study (56) of salad 
bars compared to pre-portioned FV servings, which demonstrated that salad bars were 
associated with less waste.  The students in this study were more conditioned to the FV 
offerings in their salad bars, which may be one explanation for the decreased waste 
observed.
In addition to food waste, other issues also make it difficult to implement 
effective interventions in school lunch.  The NSLP does not have the financial nor human 
resources requisite to purchase, plan and implement the types of nutritious meals that 
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children should receive.  One barrier is that the job positions in charge of menu-
planning are not always held by people with appropriate qualifications, such as 
Registered Dietitians or other equivalently educated professionals.  Another major barrier 
is linked to the USDA commodities program, which supplies food items to the NSLP. 
Under this program, the USDA buys millions of pounds of high-fat, high-cholesterol 
products, such as beef, pork, milk, and other meat and dairy products every year and then 
distributes them at very low cost to schools participating in the NSLP (65).  Although 
some fresh fruits and vegetables are available through this program, the variety is limited. 
For the 2007 school year, the only fresh fruits available included apples, grapefruit, 
oranges and pears and the only fresh vegetables were potatoes (66).  Other foods 
provided by the USDA commodities program in 2007 included higher fat and calorie 
items such as chicken nuggets and patties, beef, cheese, vegetable oils, and shortening. 
As a result, it seems the USDA commodity program should undergo change in order to 
better provide nutrition to a nation facing an obesity epidemic. 
Additionally, although schools receive much-needed financial profits from a la 
carte sells, these menu items are often high in calories and low in nutrients as they are not 
required to meet the same dietary qualifications as the serving line, such as offering 
vegetables, various vitamins and minerals, and not too much fat.  Although taking the a la 
carte serving option out of schools may lead to improved food choices among students 
such as increased FV and other nutrient-dense foods, it may be too financially difficult 
under current funding issues.  
In summary, although certain barriers exist to various nutrition interventions, this 
research provides support that offering new varieties of FV and possibly implementing 
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reward-based interventions may be helpful in increasing FV consumption.  In an 
effort to treat an overfed and undernourished nation, it may be helpful to pl a n  m e n u s  
t h a t  m e e t  NSLP a s  w e l l  a s  ot h e r  n a t i o n a l  di e t a r y  r e c o m m e n d a t i o n s ,  te s t  
m e n u  p e r f o r m a n c e ,  a n d  t h e n  m a k e  n e c e s s a r y  c h a n g e s  u n t i l  a  n u t r i t i o u s  
m e n u  is  w e l l - ac c e p t e d  by  sc h o o l  c h i l d r e n  of  all  a g e s .   
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Table 1. Demographics of study participants.  
 
Demographic (n=75)  Percent
Race
White, non-Hispanic 91
Other 9
Gender
Female 53
Male 47
Lunch Price
Free 18
Reduced 14
Regular 68
114
Table 2. Fruit and vegetable bar offerings.  
Fruit/
Vegetable
Baseline Challenge1 Variety Education Challenge2
Onea Twob One Two One Two One Two One Two
Carrots Xc X X X O O X
Peaches X X O O O O O
Pears X O O X O O O
Mixed Fruit Od X O O X O X
Applesauce O O X X X O X
Oranges O O X O O O O
Broccoli O O O X O X O
Bananas O O O O X X O
Kiwifruit O O O O X O O
Grapes O O O O O X O
Pineapple O O O O O X O
Cauliflower O O O O O O X
Mixed 
Greens
O O O O O O O
N
ot
 A
va
ila
bl
e X X
X X
X X
O O
O O
O O
O O
O O
O O
O O
O O
O O
O X
a “One” indicates Menu One
b “Two” indicates Menu Two
c “X” indicates the fruit or vegetable was offered. 
d “O” indicates the fruit or vegetable was not offered.  
 Table 3. Comparisons between baseline and intervention fruit and vegetable intake.  
Measure Baseline Intervention Difference
mean ± standard deviation
T Value P Value
Challenge 1
Menu One (n=52) .12 ±.22 .23 ±.26 .11 ±.30 2.6 .014
Menu Two (n=47) .25 ±.30 .26 ±.37 .01 ±.33 0.2 .824
Combined (n=40) .19 ±.22 .25 ±.24 .06 ±.22 1.6 .118
Variety
Menu One (n=52) .12 ±.22 .48 ±.40 .36 ±.40 6.3 .000
Menu Two (n=50) .25 ±.29 .72 ±.47 .47 ±.49 6.8 .000
Combined (n=41) .19 ±.22 .62 ±.37 .43 ±.34 8.2 .000
Education
Menu One (n=54) .13 ±.23 .14 ±.23 .02 ±.29 0.5 .642
Menu Two N/Aa N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
Challenge 2
Menu One (n=54) .13 ±.23 .21 ±.32 .08 ±.31 1.9 .057
Menu Two N/A N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
a Data not available
Table 4.  Comparisons between baseline and intervention percentage of all students who 
consumed at least some fruits and vegetables from the fruit and vegetable bars.  
Measure Baseline Intervention Difference
mean ± standard deviation
T Value P Value
Challenge 1
Menu One (n=52) 25 ± 44 54 ± 50 29 ± 57 3.6 0.001
Menu Two (n=47) 49 ± 51 43 ± 50 -06 ± 53 -0.8 0.411
Combined (n=40) 39 ± 40 49 ± 38 10 ± 36 1.7 0.088
Variety
Menu One (n=52) 25 ± 44 75 ± 44 50 ± 58 6.2 0.000
Menu Two (n=50) 50 ± 51 90 ± 30 40 ± 57 5.0 0.000
Combined (n=41) 37 ± 39 85 ± 30 49 ± 43 7.3 0.000
Education
Menu One (n=54) 26 ± 44 33 ± 48 07 ± 61 0.9 0.376
Menu Two N/Aa N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
Challenge 2
Menu One (n=54) 26 ± 44 43 ± 50 17 ± 58 2.1 0.038
Menu Two N/A N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
a Data not available
Table 5. Mean fruit and vegetable intake by classroom during the fruit and vegetable 
challenges.
Measure Baseline Intervention Difference T Value P Value
mean ± standard deviation
Challenge 1
   Classroom 1
      Menu One (n=18) .10 ± .21 .36 ± .28 .26 ± .31 3.6 .002
      Menu Two (n=15) .18 ± .26 .15 ± .23 .03 ± .23 0.6 .582
   Classroom 2
      Menu One (n=16) .13 ± .24 .20 ± .21 .08 ±.24 1.3 .206
      Menu Two (n=15) .33 ± .32 .32 ± .38 .02 ± .41 0.2 .876
   Classroom 3
      Menu One (n=18) .14 ± .23 .11 ± .21 .03 ± .27 0.4 .668
      Menu Two (n=17) .22 ± .30 .29 ± .45 .07 ± .33 0.9 .369
Challenge 2a
   Classroom 1
      Menu One (n=20) .11 ± .22 .10 ± .17 .01 ± .25 0.2 .825
      Menu Two (n=17) .22 ± .26 .49 ± .53 .26 ± .50 2.2 .043
   Classroom 2  
      Menu One (n=16) .13 ± .24 .27 ± .31 .15 ± .26 2.2 .045
      Menu Two (n=16) .31 ± .32 .36 ± .33 .05 ± .38 0.5 .628
   Classroom 3
      Menu One (n=18) .14 ± .23 .28 ± .42 .14 ± .40 1.5 .163
      Menu Two (n=17) .22 ± .30 .60 ± .66 .38 ± .61 2.6 .021
a Only Classroom 3 implemented the second Fruit and Vegetable Challenge during 
“Menu Two”.
Table 6. Percentage of MyPyramid recommendations consumed.  
Baseline Challenge1 Variety Education Challenge2
Onea Twob One Two One Two One Two One Two
All Students
n 59 52 57 58 60 65 62 n/a 62 n/a
FV Barc .1±.2 .3±.3 .2±.3 .2±.4 .5±.2 .7±.5 .2±.2 n/a .2±.3 n/a
Potatod .2±.1 n/a .2±.1 n/a .2±.1 n/a .2±.1 n/a .2±.1 n/a
MyPyramide 25% 19% 32% 17% 49% 56% 26% n/a 30% n/a 
FV Consumers
n 14 43 30 23 44 59 49 n/a 26 n/a
FV Bar .5±.2 .5±.2 .4±.2 .6±.3 .6±.3 .8±.4 .4±.2 n/a .5±.3 n/a
Potato .2±.0 n/a .2±.1 n/a .2±.1 n/a .2±.1 n/a .2±.1 n/a
MyPyramid 54% 35% 47% 44% 63% 61% 47% n/a 52% n/a
a “One” indicates Menu One.
b “Two” indicates Menu Two.
c Mean ± SD cups of fruits and vegetables consumed.
d Mean ± SD cups of mashed potatoes consumed
e Percent of MyPyramid recommendation consumed, which was defined as one-third the 
amount recommended for a ten-year old who is active for 30 to 60 minutes most days of 
the week.  
Table 7. Percentage of fruits and vegetables taken from the fruit and vegetable bars that 
was not consumed. 
   
Measure
Baseline Intervention Difference T Value
mean ± standard deviation
P Value
Challenge 1
Menu One (n=52) 1.6 ± 8.2 8.7 ± 18.4 7.1 ± 20.9 2.4 0.018
Menu Two (n=47) 0.5 ± 3.7 3.4 ± 16.2 2.8 ± 16.7 1.2 0.250
Combined (n=40) 0.7 ± 3.2 5.3 ± 10.5 4.6 ± 11.4 2.5 0.015
Variety
Menu One (n=52) 1.6 ± 8.2 10.2 ± 23.5 8.6 ±25.6 2.4 0.019
Menu Two (n=50) 1.5 ± 6.0 12.8 ± 22.3 11.3 ± 20.5 3.9 0.000
Combined (n=41) 0.7 ± 3.2 9.5 ± 13.6 8.8 ± 13.7 4.1 0.000
Education
Menu One (n=52) 1.5 ± 8.1 1.4 ± 7.6 0.2 ± 11.3 0.1  0.923
Menu Two N/Aa N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
Challenge 2
Menu One (n=54) 1.5 ± 8.1 12.4 ± 27.1 10.8 ± 29.0 2.7 0.008
Menu Two N/A N/A N/A N/A N/A
Combined N/A N/A N/A N/A N/A
a Data was not available.
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Figure 1.  Mean consumption and waste of fruits and vegetables.  Values represent 
average consumption and waste of all fruits and vegetables offered on the fruit and 
vegetable bars and include data from all students on all days of data collection. 
CHAPTER IV
SUMMARY AND CONCLUSIONS
Summary
Intention of this thesis project was to gain knowledge in the field of nutrition, 
including the topics of obesity, fruit and vegetable (FV) intakes, and associated 
nutritional factors by conducting a literature review and completing a study of FV intakes 
among fourth-graders.  The literature review revealed the ever-increasing rates of obesity 
and poor dietary habits among the nation’s youth and adults and the associated negative 
impacts on health as well as possible interventions to reverse the epidemic with an 
emphasis on increasing FV intakes.
Based upon  research findings of interventions to increase FV consumption and 
findings supporting that interventions aimed at youth may be effective in promoting 
development and then maintenance of healthy dietary habits and body weights (1-7), a 
plate waste study was designed and conducted among fourth-graders from 1 elementary 
school in the Cache County School District.  The aim of the study was to investigate 
current FV consumption and the impact of 3 different interventions aimed at increasing 
FV intake, namely FV Challenges, offering new varieties of FV, and classroom 
education.  Data regarding FV intake at baseline and during each intervention were 
collected.  Paired t-tests were used to assess the association between each intervention 
and FV intake.
Although FV intakes varied throughout the study, total FV intake was consistently 
below minimum national recommendations, which was in aggreement with much other 
research demonstrating inadequate FV intakes among all age groups in the US (8-14). 
Among the interventions implemented, classroom education resulted in no no association 
to FV intakes, FV challenges led to increased intakes that varied heavily in degree of 
significance, and offering new FV varieties was consistently associated with significant 
increases.  Similar results were observed for the interventions’ impact on the decisions of 
students to consume at least some FV from the FV bars; classroom education portrayed 
no association, the FV challenges led to increases, which varied in significance, and the 
new variety intervention was consistently associated with significant increases in the 
percentage of students who consumed FV from the FV bars.
Overall these results are consistent with other research, namely that FV consumption 
is often improved by making greater varieties of FV available (15-22) and encouraging 
FV consumption via rewards-based interventions (23-28).  The inability of the education 
intervention to increase intakes is also consistent with the body of research demonstrating 
that dietary behaviors are often difficult to change, even with increased nutritional 
knowledge (29, 30).  However, some research is supportive of educational interventions 
eliciting behavioral changes (7, 16, 31-36).  Additionally, available research also shows 
FV consumption may be influenced by multi-component interventions (30, 37-42), 
strategies that aim to make these behaviors habitual (43), serving meals in a buffet rather 
than a la carte style (44), eliminating or modifying the availability of competitive foods in 
schools (19, 45, 46), modifying food type and preparation (47), off e r i n g  attractive food 
(48), and properly catering interventions to meet varying needs among socioeconomic 
status (49, 50), ethnicity (12), age (51,52), and gender (53).
In light of this literature review and plate waste study, it seems appropriate that 
interventions to increase FV consumption include as many components as is practical, 
with an emphasis on long-term education, FV availability and exposure, rewards-based 
strategies, and eliminating or modifying the offerings in school snack bars and vending 
machines.
Conclusion 
A majority of the US population struggles with overweight and obesity, which 
may in part be related to poor food choices, such as a low intake of nutrient-dense foods 
including FV and high intakes of energy-dense foods, such as soda, chips, and desserts. 
Among fourth-graders in this study, FV intakes were consistently inadequate and offering 
new varieties during school lunch was an effective way to achieve higher intakes.  Thus, 
efforts to increase the offerings and consumption of nutrient-dense foods, such as FV, 
during school lunch, seem appropriate.
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APPENDIX
NUTRITION EDUCATION LESSON OUTLINES
Healthy Snack Curriculum
Objectives:
Fourth-graders will demonstrate knowledge of the following:
• The difference between a healthy and unhealthy snack choice.
• Why snacks are important.
• The ability to name a snack that combines at least two of the food groups.
Materials:
• Paper
• Container
• 2 balls
• Ask the students, “Does anyone know why snacks are important?”
 They help be less hungry between meals
 They can help us consume our recommended food group servings
 They give us energy 
• Activity: Ask the students, “What kinds of snacks do you enjoy?”  Then, have each 
student write one of his or her favorite snacks on a piece of paper and put it in a 
container.  With everyone standing, pull a paper from the container and read the 
snack aloud.  If students think it is a healthy snack, they should jump in place.  If not, 
they should drop to the floor.
 List some of the healthy snacks they mentioned.  Ask what those snacks have 
in common.
 When is a good time to have a snack?  
• Before doing a physical activity
• Between meals, when you feel hungry.
 Why eat nutritious snacks instead of “others” snacks like chips and soda?
• We should think of snacks as mini-meals, so they should be just as healthy as our 
regular meals.  Snacks are a good time to eat fruits and vegetables.
• It is a good idea to pick a snack that has foods from at least two of the food groups, 
sort of like combination foods that we talked about when we learned about 
MyPyramid.
• Activity: Intercepting Nutritious Snacks.  Ask the students, “What is a fun and 
healthy snack from each food group?”  This is a time for you to get creative.  Divide 
the students into two groups, each group should form a circle.  One student should be 
in the middle of the circle.  The students must pass the ball around the circle (not to 
the person next to them), but before they can pass it, they have to say a healthy snack. 
The student in the middle should try and intercept the ball as it is being passed around 
the circle.  When the student intercepts the ball, have him/her rotate to the outside of 
the circle so another student has a chance in the middle.
 What does the ball symbolize?  A healthy snack
 Why is the person in the middle trying to get the ball?  They are trying to get a 
nutritious snack.  By choosing and eating nutritious snacks, you can score for 
good nutrition.
• We should avoid snacks that come from the “others” group.  Why?  Because they 
contribute few nutrients.
• Activity: Give each student a picture of a basic food from a food group.  Direct the 
students to combine with other students to make a combination snack that would taste 
good and be fun to eat.  Let the kids be creative!  Create a “you pick” card, so that 
individual can be whatever snack food they want.  Examples may include:
 A peanut butter banana with raisins on it
 Ants on a log (celery with peanut butter and raisins)
 A sandwich (peanut butter and jelly or ham and cheese)
 A string cheese and a piece of meat
 Cheese and crackers
 Cheese and an apple
Fitness Curriculum 
Objectives: 
• Fourth-graders will demonstrate the following abilities:
 Verbalize why daily exercise is important.
• It helps prevent disease.
• Promotes lean body mass and bone growth.
• It is fun.
• It helps you feel happy and stress less.
 Verbalize activities that can aid in being physically fit.
• Playing tag
• Playing sports
o Soccer
o Basketball
o Baseball
o Gymnastics
o Football
• Dancing
• Running
• Gardening/vigorous yard work
• Walking the dog
• Hiking
• Water skiing/snow skiing
 Understand it is important to balance physical activity with food consumption 
to achieve a healthy weight.
 Track physical activity for one week after they receive the curriculum and 
bring the tracker back for the next lesson. 
 Understand and incorporate the motto “Move more, sit less.”
Materials:
• Slips of paper with the names of physical activities
• CD with dance music
• CD player
• Copies of the fitness tracker sheet
• Dry-erase marker to make lists on the board.
• What do you think of when you think of the word exercise?
 Breathing hard
 Sweating
 Playing sports
 Getting tired
 Anything that gets you moving
 Playing (may want to emphasize this concept since sometimes exercise is 
considered a less fun concept)
• Exercise is anything that helps us move more and sit less.  What are some activities 
that help us do this?
 Activity: Charades.  Choose one child at a time to act out one of the following 
motions.  Have the students draw the following activities out of a container or 
envelope.
• Playing tag
• Playing sports
o Soccer
o Basketball
o Baseball
o Gymnastics
o Football
• Dancing
• Running
• Gardening/vigorous yard work
• Walking the dog
• Hiking
• Water skiing/snow skiing
• Do you know how much exercise we should get every day?  60 minutes!  What kinds 
of things take that long?  That is often as much as two episodes of your favorite TV 
show, or one hour.
• To help remind you to do more physical activity, let’s use the motto “Move more, sit 
less.”  Have the class repeat the phrase.
• Exercise is important, but we don’t necessarily have to do it all at the same time.  You 
can do lots of small things during the day that will add up.  What can you do to make 
your day more active, to move more and sit less?
 Activity: Go through main activities in the day and list what you could do to 
incorporate physical activity.  Have one (or many) of the students contribute 
ideas to their daily schedule and discuss ways to incorporate activity as you 
list them.  Here is a sample list with some sample ideas of what could be done 
to increase activity.
• Get dressed: Do 10 jumping jacks before and after you put on your 
clothes, put on some music and dance around as you are getting ready
• Eat breakfast: Skip when you take your dishes to the sink
• Brush teeth: calf raises, stretch, arm circles
• Go to school: If you live close enough, ride your bike or walk, ask 
mom to drop you off farther away from the door so you can walk.
• Recess: Play an active game instead of sitting 
• Go home:  Ride bike or walk
• Go to the store with a parent: Ask parent to park a little farther away so 
you can walk; take the stairs instead of the elevator; walk next to the 
cart instead of riding inside of it.
• All of these are ways we can “Move more and sit less.”  (Have class repeat).
• What are some things you like to do that are less active?
 Play video games
 Checkers or board games
 Computer games
 Watch TV/movies
• Activity: What can you do to make some of your favorite games more active?  Take 
the list of things they like to do that are less active, split them into groups, give one 
activity to each group and give them a couple of minutes to come up with a way to 
incorporate exercise into that activity or at least make it more active.  Have them 
share it with the class.
• Why is exercise important for our bodies?
 Helps prevent disease
 Makes us feel happy and stress less
 Helps us sleep better at night
 Gives us stronger muscles and bones
 It is fun
• What are some other things that will help us when we exercise?
 Eat foods before, during, and after we exercise so we have more energy.  
• Our bodies are just like cars that need gas to run.  You wouldn’t go on 
a long trip without putting gas in the car, would you?  Just like a car 
cannot run without gas, our bodies cannot run without food.  
• Bring snacks that are small that you can eat while you are exercising if 
you are going to do it for a long time.  
• If you get side aches or feel sick when you eat before you exercise, 
don’t eat so close to exercise time.
• Eating foods that have protein and carbohydrate in them will give us 
energy longer.  Ask them to list examples.
o String cheese
o Yogurt
o Half of a sandwich
o Glass of milk and a banana
 Stay hydrated (drink enough water)
• Helps you not to get tired
• Helps keep muscles from cramping
 Eat snacks to have energy
 Exercise with a buddy—family member, friend, pet
 Music
• Introduce the fitness tracker sheet and ask for a commitment from them that they will 
exercise this week.  Have each of them set a personal goal and write it down.  Tell 
them you will do it, too and ask them to bring the tracker back next week.  Talk about 
the tracker at the next lesson and see how they did.  See how many total minutes of 
physical activity the class was able to get.  Remind them to “move more and sit less”
• Exercise can be easy!  To show you how easy it is, even when it’s cold outside, let’s 
make a dance together.  
• Activity: Put on some exercise music and have everyone form a circle.  Go around 
the circle and have each child, one at a time, show a dance move.  Everyone will then 
repeat that dance move.  
• When you are done (and hopefully out of breath), emphasize that exercise can be easy 
and fun.  Remind them to fill out their fitness tracker.
MyPyramid Curriculum
Objectives:
• Fourth-graders will be able to demonstrate knowledge of the following:
o Identify all food groups
o Identify which foods belong to which food group
o State recommended consumption amount for each food group 
o Identify combination foods and the food group of each ingredient
Materials:
• Picture cards from the five food groups
• MyPyramid for kids poster
• Pictures of combination foods such as sandwiches, tacos
• “Others” foods such as cookies, soda pop, cake and chips
Getting started activity:
Have students stand with room to move.  Explain to the students that when a food group 
is called, they need to do a special movement.  Call out the food group and movement 
(You can write the food group and the movement on the board).
• Grains:  jump SIX times
• Vegetables: Hop THREE times
• Fruits: Turn TWO times
• Milk: Stomp THREE times
• Meat & beans: Touch the ground TWO times
• “others”: fall to the ground ONCE
Repeat the activity a few times.  Call the movements faster and faster
Discussion: 
Ask the students why you had them do each movement for the number of times indicated
• Grains: We need at SIX ounces of grains every day
• Vegetable: we need THREE cups of vegetables each day (cooked = ½ cup, raw = 
1 cup)
• Fruit: we need TWO cups of fruit each day
• Milk: we need THREE cups of milk or dairy each day
• Meat & beans: We need TWO servings of meat or beans (about 5 oz)
Food group relay 
Divide students into five teams by counting off from one to five. 
Assign the team names: 
• Grains Giants
• Vegetables Vikings
• Fruits Falcons
• Milk Chargers
• Meat Titans 
Place a pile of food picture cards about 10 yards from the starting line
Have the first person run to the food picture cards, find a food from their food group and 
run back to their team.  The next person in line then does the same thing.  Continue with 
the game until the pile of food picture cards is gone. 
Ask each group to stand and share the pictures of food that are in their food group. 
Review the five food groups
Review each food group, what the health benefit is and the number of servings from each 
group required. 
Group Servings Health benefits 
Grains 6 oz Carbohydrates provide energy and aid 
digestion 
Vegetables 3 cups Vitamins from vegetables help you see and 
keeps your skin healthy
Fruits 2 cups Vitamins that help your body heal cuts and 
bruises and fight infections 
Milk 3 cups Calcium builds strong bones and healthy teeth
Meat & beans 2 (5 oz) Protein builds strong muscles and helps you 
grow
Discussion 
How the five food groups work together to create a balanced, nutritious diet?
• Each group has different nutrients that our body needs 
• When we choose foods from all five food groups we will get the nutrients we 
need to grow and stay healthy and also have the energy that we need
Combination foods
• Pizza – show the picture of a slice of pizza.  Ask the students what food group 
pizza would this food belong to.
Explain that it has at least three food groups
Cheese – from the milk group
Tomato sauce – from the vegetable group
Crust – from the grains group 
• Taco—show the picture of a taco.  This type of food has four food groups 
Cheese – milk group
Chicken, beef or beans – from meat & beans group
Lettuce and tomato—from vegetable group
Taco shell – from grains group 
Explain to students that combination foods help us to eat a variety from the food groups. 
When we eat these types of foods we can count them toward our recommended servings. 
We can also use combination foods to eat more vegetables by putting them on our 
sandwiches and tacos. 
“Others” 
Discussion: 
Why weren’t there any foods like soda, cookies or potato chips in the relay? 
What is the “others” category and why isn’t there a food group? 
Explain: 
• These types of foods don’t really belong in any of the foods groups because they 
do not provide us the nutrients to stay healthy. 
• They are called “others” because they should only be eaten occasionally and 
should not replace eating nutritious foods. 
• It is okay to eat small amounts after we have eaten foods from the five food 
groups
• “Others” foods usually have a lot of calories (energy) and if we eat too many 
“others” foods it is harder to balance our ‘energy in’ with our ‘energy out’ for a 
healthy weight. 
• Students in this age group understand the difference between a “want” and a 
“need” and you can use this example to explain that our bodies don’t really need 
the “others” foods to keep it healthy and these foods should be limited in our diet.
Fruit and Vegetable Curriculum
Objectives:
• Fourth-graders will be able to:
o Identify characteristics of fruits and vegetables that they find appealing.
o Name at least one fruit or vegetable that they would like to eat again.
o Use adjectives to describe the characteristics of at least three fruits and 
vegetables.
Materials:
• Rate the Taste Worksheet for each student
• Taste testing supplies (small plate for each student, paper towels, utensils or 
toothpicks)
• Cup of water for each student
• Cleaning supplies
• Variety of bite-size fruits and vegetables for tasting, including fresh, canned, dried 
and/or frozen products
• Thesaurus
• Introduce the concept of consuming a variety of fruits and vegetables.  Ask the 
students:
o Do you eat many different kinds of food each day?
o Do you eat many different fruits and vegetables each day?
o Do you like to try new fruits and vegetables?  Why or why not?
o Is it important to eat different fruits and vegetables?  Why?
• Brainstorm words to describe fruits and vegetables.  As a class, review the 
definition of an adjective and brainstorm adjectives that may be used to describe 
fruits and vegetables. (Examples may include how they taste, look, smell, or feel). 
Write the adjectives on the board.
Activity: Students sample an array of fruits and vegetables, one at a time, using safe 
food handling techniques.  After each sample is tasted, each student rates the food and 
then uses adjectives to describe the food using the Rate the Taste Worksheets.  Then, 
the students write down their favorite fruit or vegetable.  Following the tasting, each 
student will share his or her descriptions of the foods as well as his or her favorite 
fruit or vegetable.  Provide students with a thesaurus to aid in thinking of unique 
adjectives for each food.
• Lead a class discussion about the students’ experiences.
o Did you try a fruit or vegetable you had never tasted before?
o Were you surprised by the way it tasted?
o Will you eat fruits or vegetables more often in the future?  Why or why 
not?
o Will you ask your parents to buy any of the fruits and vegetables that we 
tasted today?  Why or why not?
o What did we do to make sure the food we tasted today was safe?
o Ask which fruit or vegetable was each student’s favorite and why.
Rate the Taste Worksheet
Name_____________________________    Date______________________________
Did you like the fruits and vegetables that you tasted? Write adjectives to describe 
how the food tasted looked, smelled, and felt.  Try not to use the same adjective 
over and over.  Then circle or color the picture that shows how much you liked each 
food.  When you are done write the name of your favorite fruit or vegetable on the 
back.
Sample 1
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
Sample 2
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
Sample 3
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
Sample 4
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
Sample 5
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
Sample 6
Name of this food:  __________________________________________________
Adjectives for this food:  ______________    _____________    ____________
My Favorite Fruit or Vegetable:  ______________________________________

